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SVIC  NOTES 


The  Acoustical  Society  of  America  (ASA)  recently  held  its  50th  Anniversary 
Celebration  (1929-1979)  at  the  semi-annual  meeting  in  Cambridge,  Massachusetts. 
I had  the  privilege  of  attending.  As  might  be  expected  the  thrust  of  the  meeting 
was  historical.  A special  feature  of  the  technical  program  was  a series  of  five  plenary 
sessions  with  distinguished  lectures  planned  to  cover  all  aspects  of  the  broad  field 
of  acoustics.  Indeed,  the  study  of  acoustics  covers  a wide  range  of  professional 
interests.  ASA  has  spawned  nine  active  technical  committees,  the  names  of  which 
indicate  the  scope  of  the  society:  Arcnitectural  Acoustics,  Engineering  Acoustics, 
Musical  Acoustics,  Noise,  Physical  Acoustics.  Psychological  and  Physiological 
Acoustics,  Shock  and  Vibration,  Speech  Communication,  and  Underwater  Acous- 
tics. 

The  chairmen  of  these  technical  committees  form  the  Technical  Council  which  is 
well-structured  to  further  the  goals  of  the  society.  We  who  have  principal  interests 
in  the  shock  and  vibration  area  should  not  be  troubled  by  our  apparent  role  as  a 
small  subset  of  this  large  society.  Our  interests  and  our  technology  extend  into 
several  of  the  other  technical  areas  mentioned  above.  Fundamentally,  the  great 
advantage  of  belonging  to  an  organization  like  ASA  is  the  opportunity  for  technical 
interchange  among  several  related  disciplines.  As  I viewed  this  conference,  both 
from  the  standpoint  of  apparent  attendance  and  technical  offerings,  ASA  should  be 
congratulated  for  the  important  place  it  fills  in  the  scientific  community. 

There  were  three  sessions  at  this  historic  conference  related  to  shock  and  vibration. 
The  first  on  computer  applications  in  problems  of  shock  and  vibration  was  chaired 
by  Dr.  S.P.  Ying,  a newly-elected  fellow  of  ASA.  Dr.  R.H.  Lyon,  a pioneer  in  the 
use  of  statistical  energy  analysis,  organized  and  chaired  a session  on  recent  applica- 
tions of  this  technique.  Application  areas  included  building  acoustics,  engines, 
shipbuilding,  offshore  structures,  vibration  isolation  and  airplane  noise.  Finally, 
Dr.  Eric  Ungar,  recent  chairman  of  the  ASA  Shock  and  Vibration  Technical  Com- 
mittee, chaired  a session  primarily  related  to  damping. 


From  an  overall  viewpoint,  I consider  the  sessions  to  have  been  informative  and 
useful.  We  look  forward  to  the  next  ASA  conference  in  Salt  Lake  City,  Utah 
this  November. 


EDITORS  RATTLE  SPACE 


COMPUTATIONAL  CATASTROPHES 

I am  concerned  about  the  way  many  difficult  physical  problems,  including  many 
shock  and  vibration  problems,  are  solved  numerically  nowadays  with  little  concern 
by  the  analyst  as  to  the  quality,  accuracy,  and  meaning  of  the  solution.  I maintain 
that  modern  computing  machinery  and  numerical  methods,  put  in  the  hands  of 
well-meaning  but  technically  naive  individuals,  can  be  dangerous.  This  is  of  particu- 
lar concern  during  the  present  era  in  which  much  computer  software  is  circulating 
that  is  purportedly  designed  for  the  analysis  of  complicated  nonlinear  problems  in 
mechanics  and  physics. 

To  prove  my  point  I am  beginning  to  compile  a scrapbook  of  innocent-looking 
little  problems  containing  formidable  pitfalls.  My  scrapbook  is  for  those  who  think 
that  most  problems  can  be  beaten  to  death  with  standard  numerical  methods  and 
that  no  understanding  of  the  qualitative  behavior  of  the  solution  or  its  approxima- 
tion is  necessary  My  first  example  is  a relatively  well-known  one  and  will  not  fool 
some  people;  it  is  the  simple  two-point  boundary  value  problem: 

d — 

-35-(1-c*,,)'r1  =0,0(0)  = 0,0(11=0  (7=1.4) 

Another  arises  in  wave  mechanics  and  the  study  of  a variant  of  Schrodinger's 
equation: 

„ 1 , 1 . 3 „ 

-u u-u+  — u-u-0 

x 16 

u(±°°)  = 0,u'(0)  = 0 

The  physically  meaningful  solution  is  a smooth,  positive-valued,  function  decaying 
to  zero  as  |x|  increases. 

Those  of  you  who  have  codes  for  solving  such  problems  may  wish  to  give  them  a 
try.  I have  some  others,  including  a simple  one-dimensional  friction  problem  with 
a continuum  of  solutions;  the  physically  meaningful  solutions  are  exceedingly 
difficult  to  extract  numerically. 

Any  contributions  the  reader  would  like  to  make  to  my  scrapbook  would  be 
sincerely  appreciated.  I prefer  simple  looking  ones,  like  those  above,  for  if  simple 
two-point  boundary  problems  can  cause  such  difficulties,  it  should  be  evidence 
enough  that  many  of  the  large-scale  nonlinear  problems  that  are  now  being  at- 
tempted numerically  are  virtual  mine  fields. 

J.T.  Oden 

Texas  Institute  for  Computational  Mechanics 
The  University  of  Texas 
Austin,  TX  78712 


RECENT  DEVELOPMENTS  FOR  THE  NONLINEAR  DISTORTION 
OF  NON  DISPERSIVE  ACOUSTIC  WAVES 
Part  I:  Planar  Waves  and  the  Baaic  Method 


J.H.  Ginsberg* 


Abstract  ■ This  two-part  paper  describes  j perturba- 
tion procedure  for  investigating  finite  amplitude 
acoustic  waves  that  depend  on  more  than  one  spatial 
coordinate.  The  discussion  focuses  on  wave  motions 
that  are  non-dispersive  in  the  linear  approximation, 
in  which  case  amplitude  dispersion  and  self-refraction 
are  the  primary  mechanisms  for  nonlinear  distortion. 
Part  / covers  planar  waves  and  the  basic  method. 
In  Part  II  the  results  for  a variety  of  systems  are 
presented,  and  some  types  of  further  research  are 
suggested. 

The  role  of  nonlinearities  in  the  generation  and 
propagation  of  acoustical  waves  has  obvious  practical 
application,  in  addition  to  theoretical  interest.  The 
case  of  one-dimensional  (i.e..  planar)  waves  has  been 
well  explored  by  a variety  of  methods,  including  an 
exact  solution  by  Earnshaw  in  1858  [1,  2) . Other 
solutions  have  been  formulated  asymptotically  by 
using  the  physical  argument  that,  in  inost  situations 
not  involving  explosions,  the  pressure  fluctuation  in 
an  acoustic  signal  is  much  smaller  than  the  ambient 
pressure.  Recall  that  linear  acoustic  theory  is  predi- 
cated on  the  assumption  that  the  pressure  fluctuation 
is  infinitesimal. 

Wave  motions  can  be  classified  according  to  whether 
the  propagation  is  dispersive  or  non-dispersive  [3] . 
This  property  refers  to  the  phase  speed,  which  is 
the  speed  with  which  the  information  conveyed  by 
the  waves  (eg.,  pressure  or  density)  propagates  from 
one  location  to  another.  The  phase  speed  is  depen- 
dent on  the  frequency  content  in  a dispersive  wave, 
according  to  a dispersion  relation.  Thus,  a wave 
containing  several  frequencies  will  distort  as  it  propa- 
gates. This  phenomenon  of  frequency  dispersion  also 
occurs  in  linear  acoustic  theory.  The  primary  purpose 
of  a nonlinear  study  for  such  waves  is  to  determine 


the  effect  on  the  dispersion  relation  of  the  finite 
amplitude  of  the  wave. 

A non-dispersive  wave  in  linear  theory  maintains  its 
shape  without  distortion  as  it  propagates  because 
contributions  to  the  wave  that  differ  in  frequency 
propagate  with  the  same  speed,  by  definition.  Never 
theless,  nonlinearity  introduces  distortion  because  the 
phase  speed  generally  depends  on  the  magnitude  of 
the  information  being  conveyed.  This  distortion  is 
called  amplitude  dispersion. 

Dispersive  acoustic  waves  occur  in  various  multi- 
dimensional situations.  Some  nonlinear  results  of  this 
type  are  discussed  later.  However,  nondispersive 
waves  have  been  more  difficult  to  analyze.  The 
primary  purpose  of  this  papier  is  to  describe  recent 
developments  in  evaluating  nonlinear  effects  in 
nondispersive  waves,  particularly  as  they  piertain  to 
multidimensional  situations. 

One  basic  approach  in  treating  planar  nondispersive 
waves  is  to  solve  a series  of  first  order  differential 
equations  - e.g.,  momentum  and  conservation  of 
mass  - using  the  method  of  characteristics.  It  is  not 
the  aim  of  this  paper  to  survey  this  typie  of  work, 
typical  treatments  of  waves  in  bounded  and  infinite 
media  are  available  [3-1 6] . 

The  difficulty  with  the  method  of  characteristics 
lies  in  its  extension  to  multidimensional  problems. 
A primary  source  of  this  difficulty,  as  has  been  noted 
[5] , lies  in  the  fact  that  the  boundary  conditions  in 
a physically  realistic  problem  are  stated  along  physi- 
cal coordinate  lines,  rather  than  along  the  charac- 
teristics. A lesser  complication  for  multidimensional 
problems  is  the  need  to  satisfy  several  differential 
equations  simultaneously. 
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The  method  of  geometrical  acoustics  13,  17-22) . 
which  is  closely  related  to  the  method  of  characteris- 
tics, has  been  successfully  applied  to  several  multi- 
dimensional systems.  However,  the  results  of  such 
investigations  are  usually  qualitative. 

Another  line  of  investigation  for  planar  waves  has 
been  to  solve  a Burger's  equation  for  the  wave  motion 
[23-33] ; it  is  thus  possible  to  acoount  for  viscosity 
and  shocks.  This  approach  has  another  asset  in  that 
only  one  differential  equation  must  be  solved.  The 
difficulties  with  Burger's  equation  are  that  it  treats 
only  distortion  phenomena  that  depend  on  one 
spatial  variable  and  it  is  sometimes  only  an  approxi- 
mation of  the  true  governing  equations. 

If  attention  is  restricted  to  inviscid  fluids,  a formula- 
tion that  leads  to  a single  governing  differential  equa- 
tion is  one  that  makes  use  of  a velocity  potential 
function.  Specifically,  let  the  velocity  of  a fluid 
particle  be 


(1) 


where  7 is  the  spatial  gradient.  When  the  phase  speed 
(i.e.,  speed  of  sound)  of  an  infinitesimal  planar  wave 
in  a gas  at  ambient  pressure  p0  is  denoted  as  cQ,  the 
potential  function  is  found  to  obey 


dt5" 


-c0J  7J0  + |7-  1)^-V10  + ~(V0-V0) 


(2) 


+ -(T-  1)7*0(70-  70) + ...  = 0 


The  gage  pressure  p can  be  derived  from  the  poten- 
tial function  by  solving 


d0  1 

IT"  270  70 


Equations  (2)  and  (3)  have  been  derived  [34]  for  an 
ideal  gas,  with  7 being  the  ratio  of  specific  heats. 
However,  these  equations  can  also  be  applied  to 


liquids  by  redefining  y [35J.  The  method  whereby 
these  basic  equations  can  be  solved  for  the  wave 
motion  in  a variety  of  systems  is  the  subject  of  this 
paper. 


PLANAR  WAVES 

An  exact  solution  for  a planar  wave  propagating  along 
the  axis  of  a tube  was  obtained  by  Earnshaw;  the 
derivation  has  been  published  [1,  2].  This  solution 
has  served  as  the  test  case  in  the  development  of  the 
analytical  method  for  solving  other  types  of  prob- 
lems. The  particle  velocity  v in  a planar  wave  was 
found  to  propagate  in  space  with  a phase  speed 
c = Cq  + (7  + 1)v/2.  Therefore,  the  wave  resulting 


F(t)  at  x = 0 


(4) 


from  an  arbitrary  disturbance  — 

Co 

will  satisfy* 

v x 

orF(t--> 

X 7 + 1 V - 1 

The  dependence  of  phase  speed  on  particle  velocity 
is  the  nonlinear  phenomenon  of  amplitude  dispersion. 
In  linear  theory,  where  v/c0  ♦ 0,  the  phase  speed 
reduces  to  c = c0;  the  shape  of  the  wave  is  unmodi- 
fied as  the  wave  propagates  through  the  fluid  me- 
dium. Thus,  the  linear  solution  is  non-dispersive. 
However,  if  v/cD  is  finite,  the  dependence  of  phase 
speed  on  v indicates  that,  at  any  instant,  a phase 
containing  positive  or  negative  v will  be  advanced 
or  retarded  in  space,  respectively,  relative  to  the 
linear  counterpart.  This  discrepancy  will  grow  with 
increasing  distance,  until  a shock  (dv/dx  = °°)  forms. 
This  is  shown  in  Figure  1 for  a harmonic  disturbance. 
F(t)  = -0.02  sin  (cut).  Beyond  the  location  where 
the  shock  forms,  the  response  predicted  by  equation 
(3)  is  multivalued.  Weak  shock  theory  [3,  36-40]  - 
in  which  the  Rankine-Hugoniot  relations  are  used  for 


Figure  1.  Earnshaw' s Solution  for  a Planar  Wave 
due  to  Harmonic  Excitation 


•The  functional  form  given  by  Lamb  f 1 J is  slightly  different  because  it  corresponds  to  an  initial  value  problem  in  which  the 
velocity  is  specified  as  v ■ Fix)  when  t ■ 0. 
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the  propagation  of  discontinuous  disturbances  in 
a gas.  can  then  be  used  to  fit  the  shock  into  the 
regular  solution  for  unshocked  regions.  Another 
method  for  treating  shock  is  to  extend  the  Fourier 
analysis  of  the  Eamshaw  solution  135,  41)  into  the 
region  of  discontinuity  in  order  to  remove  the  multi- 
valued portion  of  that  solution  [29) 

In  most  systems  of  practical  importance  v/Cq.  or 
equivalently  p/pQ.  is  small  (This  is  even  true  for  a 
sound  pressure  level  of  150  dB  in  air.)  Hence,  it  is 
necessary  to  solve  equations  (2)  and  (3)  in  situations 
in  which  0 is  a finite  but  small  quantity.  If  e is  a 
small  parameter,  e « 1,  it  is  logical  to  expand  0 
in  a perturbation  series 

0‘  e0i  + el0i  + (5) 

The  result  of  substituting  equation  t5)  into  equation 
(2)  is  a sequence  of  linear  partial  differential  equa 
tions  for  the  0 j 


was  performed  in  1975  144);  Lighthill's  method 
[42.  43.  45)  was  used  The  variable  x was  expanded 
in  a series  representing  a coordinate  straining  trans 
formation, 

x -«  + ex|(a,  t)  ♦ ...  (8) 

Derivatives  in  the  governing  equation  with  respect 
to  x were  transformed  to  a derivatives,  and  the 
unknown  function  x,  was  determined  by  removing 
the  nonhomogeneous  term  in  equation  (7).  The 
particle  velocity  corresponding  to  the  expansions  for 
0 and  x was  found  nevertheless  to  be  nonuniform- 
ly  accurate.  This  nonuniform  accuracy  necessitated 
a coordinate  straining  transformation  of  the  vari- 
able a,  in  a form  similar  to  equation  (8).  The  un- 
known function  in  that  expansion  was  determined 
by  Pritulo's  method  of  renormalization  [43,  461 , 
which  seeks  a function  of  the  new  variable  whose 
Taylor  series  expansion  in  powers  of  e matches  the 
nonuniformly  accurate  expression. 


In  order  to  understand  the  consequence  of  such  an 
expansion,  suppose 


c0  wx 

0i  = — coskot ) (6) 

w co 


which  corresponds  to  a harmonic  excitation  at  x * 0 
whose  frequency  is  « and  whose  velocity  amplitude 
is  e The  resulting  equation  for  0j  is  then 


dJ0j  a d*02 

1 , . , . 2 cox 

= ~ ~{y  + 1 )co  sin|2ojt ) 

2 CfX 


(7) 


The  right  side  of  equation  (7)  is  not  orthogonal  to 
the  homogeneous  solution;  the  particular  solution 
for  0j  that  is  temporally  periodic  will  thus  contain 
a term  that  grows  with  increasing  x.  This,  in  turn, 
leads  to  a term  in  the  expression  for  the  particle 
velocity  that  is  0(eJ  x),  the  perturbation  expansion 
is  thus  not  uniformly  accurate.  Specifically,  the  size 
of  the  correction  term  0,  relative  to  the  first  term 
0i  is  dependent  on  the  location.  Such  a situation 
is  unacceptable  according  to  both  the  concepts  of 
perturbation  theory  [42,  43) , and  the  results  of 
Earnshaw,  equation  (4) 


A singular  perturbation  expansion  is  needed,  in  which 
both  independent  and  dependent  variables  are  modi- 
fied. The  initial  analysis  of  this  type  for  planar  waves 


It  was  subsequently  demonstrated  [47.  48)  that  the 
particle  velocity  can  be  determined  directly  by 
omitting  Lighthill's  method  Instead,  the  particular 
solution  for  02  obtained  from  equation  (7)  was  used 
to  derive  directly  a nonuniformly  accurate  expression 
for  v.  The  method  of  renormalization  then  yielded 
the  correct  uniformly  accurate  result 

It  has  also  been  pointed  out  [47)  that  the  true 
potential  function  does  indeed  contain  a growing 
term,  an  analysis  that  removes  such  terms  is  therefore 
conceptually  in  error.  Thi.,  matter  has  been  discussed 
[49] , and  it  was  shown  that  the  Taylor  series  in  the 
renormalization  procedure  is  valid  only  for  small  x. 
Thus,  an  additional  criterion  might  be  necessary  to 
assure  that  the  results  of  a renormalization  solution 
are  valid  for  large  x.  This  criterion  was  postulated 
as  a requirement  that  the  expression  for  particle 
velocity  have  an  implicit  functional  form,  analogous 
to  the  exact  solution  shown  in  equation  (4). 

An  analysis  by  the  method  of  multiple  scales  of  the 
planar  wave  problem  has  also  been  performed  [47] . 
This  approach,  like  those  involving  coordinate  strain- 
ing expansions,  addresses  situations  in  which  a regular 
perturbation  expansion  is  not  uniformly  accurate, 
e.g.,  the  magnitude  of  the  error  depends  on  the 
coordinate  x.  A set  of  fast  and  slow  variables,  for 
example  x(  - e'x,  are  defined  and  derivatives  with 
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respect  to  x in  the  governing  equations  are  replaced 
by  partial  derivatives  with  respect  to  the  scaled  vari- 
ables x;.  Expressions  for  the  dependent  variables  in 
terms  of  Xj  are  found  by  satisfying  the  criterion  of 
uniform  validity 

The  multiple  scales  analysis  (47)  was  performed 
by  utilising  the  characteristics,  rather  than  the  physi 
cal  coordinates,  as  the  independent  variables  The 
correct  functional  dependence  of  the  response  could 
be  obtained  by  considering  the  solution  for  the 
potential  function,  without  proceeding  to  the  con- 
sideration of  the  particle  velocity  and  pressure. 
Nevertheless,  it  has  not  been  proved  that  this  virtue 
of  the  method  of  multiple  scales  is  inherent  to  the 
method;  it  might  be  a consequence  of  formulating 
the  problem  in  terms  of  the  characteristics  variables 
Also,  it  might  be  that  this  result  occurs  only  for 
planar  waves  that  propagate  without  interacting  with 
other  waves. 

THE  BASIC  METHOD 

The  analytical  work  and  discussion  arising  from  the 
application  of  basic  perturbation  techniques  to  the 
investigation  of  planar  waves  leads  to  the  following 
direct  method  for  formulating  an  analysis  of  small 
but  finite-amplitude  acoustic  waves 

a Expand  the  potential  function  in  a pertur 
bation  series,  and  find  the  solution  for  each 
term  that  satisfies  the  perturbational  form 
of  the  differential  equation  and  boundary 
conditions.  This  step  can  be  performed  in 
conjunction  with  the  method  of  renormali- 
zation, in  which  case  the  independent  vari- 
ables are  unmodified  at  this  step.  Alterna- 
tively. the  method  of  multiple  scales  can  be 
employed,  in  which  case  the  independent 
variable(s)  determining  the  magnitude  of  the 
growing  terms  in  the  potential  function  is 
replaced  by  a set  of  fast  and  slow  variables. 

b.  Derive  expressions  for  the  particle  velocity 
and  pressure,  using  the  results  for  the  poten 
tial  function  that  are  not  uniformly  accu- 
rate. 

c.  Render  the  expressions  for  particle  velocity 
and  pressure  uniformly  accurate.  In  the 


method  of  renormalization,  a coordinate 
straining  transformation  analogous  to  aqua 
tion  (8)  is  required.  In  the  method  of  mul 
nple  scales,  it  is  necessary  to  solve  partial 
differential  equations  involving  the  fast  and 
slow  variables 

The  method  of  renormalization  is  easier  to  apply  than 
the  method  of  multiple  scales  because  only  algebraic 
manipulations  are  required  to  satisfy  the  criterion 
of  uniform  accuracy.  However,  the  method  of  renor 
malization  has  a more  limited  range  of  validity, 
particularly  with  regard  to  dissipative  effects  [501 
It  follows  that,  if  it  is  not  possible  to  evaluate  a suit 
able  coordinate  straining  transformation,  it  might 
be  appropriate  to  reformulate  the  analysis  in  terms 
of  the  method  of  multiple  scales 

The  foregoing  does  not  address  the  question  of 
whether  or  not  the  resulting  perturbation  equations 
can  be  solved.  Thus,  it  is  improbable  that  a nonlinear 
analysis  of  a system  will  be  any  more  successful  than 
an  analysis  of  the  corresponding  linearized  system. 
A number  of  multidimensional  systems  that  have 
already  been  investigated  by  these  methods  are 
discussed  in  Part  II. 


REFERENCES 

1.  Lamb.  H.,  Hydrodynamics.  Sixth  Edition, 
PP  483  484,  Dover  (1945  re  issue). 

2.  Blackstock,  D.T.,  "Propagation  of  Plane  Sound 
Waves  of  Finite  Amplitude  in  Nondissipative 
Fluids."  J.  Aooust.  Soc.  Amer..  34.  pp  9-30 
(1962). 

3.  Whitham,  G.B.,  Linear  and  Nonlinear  Waves. 
Wiley- Interscience  (1974). 

4.  Courant.  R.  and  Friedrichs.  K.O.,  Supersonic 
Flow  and  Shock  Waves.  Interscience,  Ch.  2 
and  3 (1948) 

5.  Lin,  C.C.,  "On  a Perturbation  Theory  Based 
on  the  Method  of  Characteristics,"  J.  Math. 
Phys.,  33,  pp  117-134  (1954). 

6.  Fox.  P.A.,  "Perturbation  Theory  of  Wave 
Propagation  Based  on  the  Method  of  Charac- 


6 


■ *..  _ - ^ s—  ..,r  I 


I 


"v  *- 


teristics,"  J.  Math.  Phys.,  34.  pp  133-151 
(1955). 

7.  Chu.  B.T  and  Ying,  S.J..  "Thermally  Driven 
Oscillations  in  a Pipe  with  Travelling  Shock 
Waves,"  Phys  Fluids.  11_.  pp  1625-1637  (1963). 

8 Varley,  E.  and  Cumberbatch,  E.,  "Non-linear 
Theory  of  Wavefront  Propagation,"  J.  Inst. 
Math  Applic..^.  PP  101-112  (1965). 

9.  Einaudi,  F.,  "Singular  Perturbation  Analysis 
of  Acoustic-Gravity  Waves,"  Phys.  Fluids.  12, 
pp  752-756  (1969) 

10.  Mortell,  M.P  and  Varley,  E.,  "Finite  Am- 
plitude Waves  in  Bounded  Media.  Nonlinear 
Free  Vibrations  of  an  Elastic  Panel,"  Proc. 
Royal  Soc.  (London),  Series  A,  318.  pp  1 69- 
196(1970). 

11.  Mortell,  M.P.,  "Resonant  Thermal-Acoustic 
Oscillations,"  Inti.  J.  Engr.  Sci.,  £,  pp  175- 
192  0971). 

12.  Seymour,  B.R.  and  Mortell,  M.P.,  "Resonant 
Acoustic  Oscillations  with  Damping:  Small 
Rate  Theory,"  J.  Fluid  Mech.,  58,  pp  353- 
374(1973). 

13.  Seymour,  B.R.  and  Mortell,  M.P.,  "Nonlinear 
Resonant  Oscillations  in  Open  Tubes,"  J.  Fluid 
Mech.,  60.  pp  733-750  (1973). 

14.  Mortell,  M.P.  and  Seymour,  B.R.,  "Standing 
Waves  in  an  Open  Pipe:  A Nonlinear  Initial- 
Boundary  Value  Problem,"  Z.  angew.  Math. 
Phys.,  24,  pp  473-487  (1973). 

15.  Keller,  J.J.,  "Resonant  Oscillations  in  Open 
Tubes,"  Z.  angew.  Math.  Phys.,  28,  pp  237- 
264  (1977). 

16.  Keller,  J.J.,  "Subharmonic  Non-linear  Acoustic 
Resonances  in  Open  Tubes  - Part  I,  Theory," 
Z.  angew.  Math.  Phys.,  28,  pp  419-432  (1977). 

17.  Whitman,  G.B.,  "A  New  Approach  to  Problems 
of  Shock  Dynamics;  Part  I:  Two-Dimensional 
Problems,"  J.  Fluid  Mech.,  2.  pp  145-171 
(1957). 


18.  Whitham,  G.B.,  "A  New  Approach  to  Prob- 
lems of  Shock  Dynamics,  Part  II:  Three-Dimen- 
sional Problems,"  J.  Fluid  Mech.,  2,  pp  369- 
386  0957). 

19.  Tanuiti,  T.,  "Reductive  Perturbation  Method 
and  Far  Fields  of  Wave  Equations."  Prog. 
Theor  Phys.  Suppl.,  55,  pp  1-35  (1974). 

20.  Oikawa,  M and  Yajima,  N.,  "Generalization  of 
the  Reductive  Perturbation  Method  to  Multi- 
wave Systems,"  Prog.  Theor.  Phys.  Suppl., 
55.  pp  36-51  (1974). 

21.  Asano,  N.,  "Wave  Propagations  in  Nonuniform 
Media,"  Prog.  Theor.  Phys.  Suppl..  55,  pp  52- 
79  (1974). 

22.  Engelbrecht.  G.,  "Theory  of  Non-Linear  Wave 
Propagation  with  Application  to  the  Interaction 
and  Inverse  Problems."  Inti.  J.  Nonlinear 
Mech..  12.  pp  189-200  (1977). 

23.  Hopf,  E.,  "The  Partial  Differential  Equation 
ut  + uux  = n uxx,"  Commun.  Pure  Appl.  Math., 
3,  pp  201-230  (1950). 

24.  Cole,  J.D.,  "On  a Quasilinear  Parabolic  Equa- 
tion Occurring  in  Aerodynamics,"  Quart.  J. 
Appl.  Math.. £,  pp  225-236  (1951 ). 

25.  Mendousse,  J.S.,  "Nonlinear  Dissipative  Dis- 
tortion of  Progressive  Sound  Waves  of  Moderate 
Amplitude,"  J.  Acoust.  Soc.  Amer.,  25,  pp  51- 
54  (1953). 

26.  Lighthill,  M.J.,  "Viscosity  Effects  in  Sound 
Waves  of  Finite  Amplitude,"  Surveys  in  Me- 
chanics, Batchelor,  G.K.  and  Davies,  R.M.,  Eds., 
Cambridge  Univ.  Press  (1956). 

27.  Khokhlov,  R.V.  and  Soluyan,  S.I.,  "Propaga- 
tion of  Acoustic  Waves  of  Moderate  Amplitude 
through  Dissipative  and  Relaxing  Media," 
Acustica,  14,  pp  241-247  (1964). 

28.  Khokhlov,  R.V.,  Naugol'nykh,  K.A.,  and 
Soluyan,  S.I.,  "Waves  of  Moderate  Amplitude 
in  Absorbing  Media,"  Acustica,  14,  pp  248- 
253(1964). 


7 


29  Blackstock,  D.T.,  "On  Plane,  Spherical,  and 
Cylindrical  Sound  Waves  of  Finite  Amplitude 
in  Lossless  Fluids."  J.  Acoust  Soc.  Amer., 

36.  pp  217-219  (1964) 

30  Blackstock.  D.T.,  "Thermoviscous  Attenuation 
of  Plane.  Periodic.  Finite-Amplitude  Sound 
Waves."  J.  Acoust  Soc.  Amer.,  36,  pp  534- 
542  (1964). 

31.  Banta.  E.D.,  "Lossless  Propagation  of  One- 
Dimensional  Finite  Amplitude  Sound  Waves," 
J.  Math.  Anal  Applic.,  10,  pp  6-13  (1964) 

32  Cary,  B.B , "Prediction  of  Finite-Amplitude 
Waveform  Distortion  with  Dissipation  and 
Spreading  Loss,"  J.  Acoust.  Soc.  Amer..  43, 
pp  1364-1374  (1968). 

33.  Cary,  B.B.,  "An  Exact  Shock  Wave  Solution  to 
Burger's  Equation  for  Parametric  Excitation  of 
the  Boundary,"  J Sound  Vib.,  30,  pp  455- 
464  (1973) 

34.  Goldstein,  S.,  Lectures  on  Fluid  Mechanics. 
Wiley- Interscience,  Ch.  4 (1960). 

35.  Keck,  W.  and  Beyer,  R.T.,  "Frequency  Spec- 
trum of  Finite  Amplitude  Ultrasonic  Waves 
in  Liquids,"  Phys.  Fluids,  3,  pp  346-352 
(1960). 

36.  Friederichs,  K.O.,  "Formation  and  Decay  of 
Shock  Waves,"  Common.  Pure  Appl.  Math., 
l,pp  21 1-245  (1948) 

37.  Lighthill,  M.J.,  "The  Position  of  the  Shock 
Wave  in  Certain  Aerodynamic  Problems," 
Quart.  J.  Mech.  Appl.  Math.,  1,  pp  309-318 
(1948). 

38.  Whitham,  G.B.,  "The  Flow  Pattern  of  a Super- 
sonic Projectile,"  Commun.  Pure  Appl.  Math., 
5,  pp  301-348  (1952). 

39.  Whitham,  G.B.,  "On  the  Propagation  of  Weak 
Shock  Waves,"  J.  Fluid  Mech.,  1,  pp  290-318 
(1956). 


40.  Schindler,  G.M..  "Propagation,  Distortion,  and 
Shock  Formation  of  Pressure  Pulses  in  a Non 
viscous  Fluid  of  Constant  State,"  J.  Acoust 
Soc  Amer..  49,  pp  344-351  (1971). 

41.  Blackstock,  D.T.,  "Connection  between  the 
Fay  and  Fubini  Solutions  for  Plane  Sound 
Waves  of  Finite  Amplitude,"  J.  Acoust.  Soc. 
Amer.,  39,  pp  1019-1026(1966). 

42.  Cole,  J.D.,  Perturbation  Methods  in  Applied 
Mathematics.  Blaisdell  (1968). 

43.  Nayfeh,  A.H.,  Perturbation  Methods.  Wiley- 
Interscience  (1973). 

44.  Ginsberg,  J.H.,  "Multi-Dimensional  Non-linear 
Acoustic  Wave  Propagation;  Part  I:  An  Alter- 
native to  the  Method  Characteristics,"  J.  Sound 
Vib..  40,  pp  351-358  (1975). 

45.  Lighthill,  M.J.,  "A  Technique  for  Rendering 
Approximate  Solutions  to  Physical  Problems 
Uniformly  Valid,"  Phil.  Mag.,  44,  pp  179-201 
(1949). 

46.  Pritulo,  M.F.,  "On  the  Determination  of 
Uniformly  Accurate  Solutions  of  Differential 
Equations  by  the  Method  of  Perturbation  of 
Coordinates,"  J.  Appl.  Math.  Mech.,  26,  pp 
661-667  (1962). 

47.  Nayfeh,  A.H.  and  Kluwick,  A.,  "A  Comparison 
of  Three  Perturbation  Methods  for  Nonlinear 
Hyperbolic  Waves,"  J.  Sound  Vib.,  48,  pp  293- 
299(1976). 

48.  Shivamoggi,  B.K.,  "Propagation  of  Weakly 
Non-linear  Non-dispersive  Acoustic  Waves," 
J.  Sound  Vib.,  57,  pp  609-610  (1978). 

49.  Ginsberg,  J.H.,  "Propagation  of  Weakly  Non- 
linear Non-dispersive  Acoustic  Waves  - Author's 
Reply."  J.  Sound  Vib.,  57,  pp  610-61 1 (1978). 

50.  Nayfeh,  A.H.,  "Perturbation  Methods  and  Non- 
linear Hyperbolic  Waves,"  J.  Sound  Vib.,  54. 
pp  605-609  (1977). 


8 


LITERATURE  REVIEW 


survey  and  analysis 
of  the  Shock  and 
Vibration  literature 


The  monthly  Literature  Review,  a subjective  critique  and  summary  of  the  litera- 
ture, consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in 
length  The  purpose  of  this  section  is  to  present  a "digest"  of  literature  over  a 
period  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the 
DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas.  Review  articles  include  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  and 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibration 
field. 

This  issue  of  the  DIGEST  contains  review  articles  on  the  behavior  of  elastomeric 
materials  under  dynamic  loads  and  approximate  techniques  for  plastic  deformation 
of  structures  under  impulsive  loading. 

Mr  E.C.  Hobaica  of  General  Dynamics  Corporation  has  concluded  his  article  on 
the  behavior  of  elastomeric  materials  under  dynamic  loads.  This  review  describes 
the  properties  of  rubber  and  other  elastomers  when  they  are  subjected  to  small 
amplitude  sinusoidal  stresses.  Testing  methods  and  data  on  dynamic  properties 
are  given. 

Mr.  W.E.  Baker  of  the  Southwest  Research  Institute  has  concluded  his  article  on 
approximate  techniques  for  plastic  deformation  of  structures  under  impulsive 
loading.  Research-oriented  methods  and  design-oriented  methods  are  described. 


BEHAVIOR  OF  ELASTOMERIC  MATERIALS  UNDER  DYNAMIC  LOADS  II 


E.C.  Hobaka* 


Abstract  - This  review  describes  the  properties  of 
robber  and  other  elastomers  when  they  are  subjected 
to  small  amplitude  sinusoidal  stresses  Testing  meth- 
ods and  data  on  dynamic  properties  are  given. 

Elastomeric  materials  play  a significant  role  in  the 
practical  design  of  many  structures  and  components. 
The  response  of  an  elastomer  to  an  imposed  force 
is  characterized  by  a displacement  dependent  on 
stress  and  rate  of  loading.  All  polymers  show  this 
time-dependent  response  to  stress,  but  the  response 
is  most  important  and  complex  in  polymers  exhibit- 
ing elastomeric  characteristics. 

This  is  the  second  review  of  the  state  of  the  art  of 
rubber  when  it  is  subjected  to  small  amplitude, 
sinusoidal  stresses.  It  attempts  to  cover  the  literature 
since  1976,  when  polymer  theory  affecting  dynamic 
response  of  an  elastomer,  the  temperature  frequency 
equivalence,  methods  used  in  dynamic  testing,  and 
general  polymer  and  formulation  effects  were  de- 
scribed [1],  This  review  summarizes  the  literature 
since  1975  and  attempts  to  bring  the  reader  up-to- 
date  on  recent  publications.  Some  data  generated  at 
Electric  Boat  in  past  years  are  presented.  A few 
papers  missed  in  the  first  review  are  referenced. 

Papers  of  general  interest  [2-5]  contain  procedures 
for  determining  stiffness  and  damping  properties  of 
elastomers.  In  one  case  [4]  a forced  vibration  reso- 
nant mass  type  of  apparatus  and  poly  butadiene 
were  used.  The  effects  of  temperature,  dissipation 
level,  and  geometry  on  the  dynamic  behavior  were 
investigated.  The  work  and  subsequent  conclusions 
are  detailed;  extensive  data  are  given  on  stiffness 
and  damping  at  frequencies  up  to  1 ,500  Hz.  A 
rotating  unbalance  in  a rotor  running  to  60,000 
RPM  has  been  used  [5] . Elastomeric  elements  sup- 
ported a resonant  mass,  and  dynamic  properties  of 
the  rubber  materials  were  determined  from  accelera- 
tion measurements.  


TESTING  METHODS 


A number  of  papers  relating  to  testing  have  appeared 
[6-9] . Sutherland  [6]  described  two  experimental 
procedures  conducted  on  an  RTV  rubber.  In  one 
case,  wave  propagation  measurements  of  a 1 ,000 
kHz  pulse  through  cylindrical  specimens  over  tem- 
perature ranges  of  30°C  to  60°C  were  run  and  data 
compiled.  These  data  were  used  to  determine  the 
zero-strain  slope  of  the  instantaneous  and  equili- 
brium stress-strain  curves  for  the  RTV.  The  remain- 
der of  the  stress-strain  curve  was  determined  in 
flyer-plate  impact  experiments,  in  which  the  high- 
amplitude  stress-wave  response  of  the  material  was 
determined.  From  these  experiments,  stress-strain 
curves  of  both  the  instantaneous  and  equilibrium 
responses  were  plotted.  The  curves  are  identical  up 
to  a strain  of  about  0.05  and  then  begin  to  diverge. 

The  paper  by  Dieterich  [7]  describes  the  viscosuperb 
computer  program.  A parabolic  isoparametric  solid 
finite  element  is  used  to  predict  static  and  dynamic 
(amplitude,  phase  angle,  dynamic  stiffness)  charac- 
teristics of  viscoelastic  components. 

A torsional  pendulum  based  upon  ASTM  D-2236 
was  designed  and  built  at  the  General  Electric  Labora- 
tories [8] . It  was  used  as  a nondestructive,  quality 
control  device  for  certain  polyester  elastomers.  The 
results  of  acceptance  testing  of  two  elastomers  are 
given.  The  torsional  pendulum  imposes  an  angular 
displacement  on  a sample;  shear  modulus  is  deter- 
mined from  the  decay  rates  of  the  oscillation.  Fre- 
quencies between  1 and  10  Hz  are  generally  possible 
with  this  apparatus. 

Another  commercial  instrument  not  mentioned  in 
the  previous  review  is  a viscoelasticimeter  produced 
in  France  [9] . It  measures  force  and  displacement 
across  a sample  and  phase  difference  at  frequencies 
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to  1 ,000  Hz  and  over  a temperature  range  of  - 70°C 
to  130*C. 

Lee  [ 1 ] tested  several  elastomers  including  butadiene, 
nitrile,  and  polysulfide  compounds  on  a torsional 
pendulum.  The  logarithmic  decrement  and  shear 
modulus  were  determined  as  functions  of  tempera- 
ture. The  WLF  shift  was  used  to  present  the  two 
above  properties  of  the  rubber  as  functions  of  fre- 
quency (1  to  100  kHz).  Because  the  torsional  pen- 
dulum operates  at  about  1 Hz,  however,  such  an 
extrapolation  must  be  made  with  caution. 


DYNAMIC  PROPERTIES 

Investigations  of  the  dynamic  properties  of  various 
polymers  are  reviewed  in  this  section.  Dynamic 
properties  of  an  ethylene/acrylic  elastomer  at  tem- 
peratures to  160°C  were  measured  [11).  Excellent 
stability  of  the  dynamic  properties  was  noted  to 
150°C. 

Effects  of  primary  molecular  weight,  molecular 
weight  distribution,  long-chain  branch  content,  and 
branching  pattern  on  dynamic  viscoelastic  properties 
of  polybutadiene  networks  were  studied  [121. 
Frequencies  from  1 Hz  to  110  Hz  were  used.  Pure 
gum  vulcanizates,  compounds  with  diluents,  and 
carbon  black-filled  compounds  were  compared. 

In  later  work,  the  dynamic  modulus  of  styrene-diene 
block  copolymers  was  examined  at  35  Hz  using  a 
Rheovibron.  A plateau  was  noted  in  the  dynamic 
storage  modulus;  methods  were  developed  for  es- 
timating height  as  well  as  the  effect  of  a center-block 
compatible  diluent.  This  work  has  added  to  the 
understanding  of  the  behavior  of  pressure-sensitive 
adhesives. 

A number  of  compounding  parameters  of  chloro- 
prene  rubber  have  been  investigated  for  their  effects 
on  the  dynamic  behavior  of  the  polymer  [14] . 
Higher  carbon  black  and  plasticizer  loading  caused 
a significant  increase  in  dynamic  damping  properties. 

Dynamic  properties  of  natural  rubber  tire  stocks  with 
varying  carbon  black  and  sulfur  contents  were  mea- 
sured using  an  MTS  High  Rate  Testing  Apparatus 
[15] . Increased  dynamic  testing  of  tire  stocks  was 
recommended. 


The  increasing  temperature  and  energy  absorption 
requirements  that  have  been  imposed  on  automotive 
mounts  in  recent  years  have  generated  tests  of  bromo- 
butyl  blends  of  natural  rubber,  ethylene-propylene 
rubber  (EPBM),  and  polypropylene  oxide  (PPO) 
[16] . The  Goodrich  Flexometer  and  the  Rheovibron 
tester  were  used  to  determine  dynamic  modulus  and 
loss  factors  over  a range  of  frequencies.  Formulation 
and  recommendations  were  made  for  specific  require- 


The  expanding  use  of  EPDM  elastomers  in  the  auto- 
motive field  have  been  described  [17].  Their  role 
in  energy  absorption  is  discussed.  A description  of  the 
chemistry,  structure,  properties,  and  compounding 
of  a polynorbornene  (PNR)  polymer  has  been  pub- 
lished [18].  This  thermoplastic  has  a low  melting 
point  and  can  be  compounded  into  an  elastomer  by 
adding  suitable  processing  oils.  Some  data  on  damp- 
ing factors  of  this  polymer  are  compared  to  natural 
rubber  and  chlorobutyl  at  125  Hz. 

Another  study  was  related  to  the  effects  of  carbon 
black  on  the  viscoelastic  properties  of  rubber  [19]. 
In  this  case,  natural  rubber  vulcanizates  of  various 
cross-linked  densities  were  examined  for  variations 
in  tensile  stress  relaxation  properties.  A relationship 
between  stress  relaxation,  loss  factor,  and  strain 
amplitude  was  presented. 

Medalia  and  a co-worker  have  continued  to  work 
in  the  area  of  carbon  black  and  its  effects  on  rubber 
properties  [20,  21].  Carbon  black  surface  and  mor- 
phology were  studied  for  their  effects  on  the  hys- 
teresis of  NR  and  MR  rubbers  [20] . A general  review 
of  the  role  of  carbon  black  on  dynamic  properties 
of  rubber  contains  extensive  references  [21] . 

The  problem  of  compatibility  of  various  rubber 
polymers  and  the  properties  of  their  blends  have 
been  subjects  of  numerous  studies  through  the 
years.  Dynamic  mecahnical  properties  have  been  used 
over  a range  of  temperatures  to  determine  the  com- 
patibility of  a number  of  polymer  blends  [22]. 
Included  were  blends  of  polybutadiene,  natural 
rubber,  and  chlorobutyl.  A Rheovibron  was  used  to 
determine  dynamic  properties  from  - 100°C  to 
20°C.  Temperature  dependence  of  the  loss  factor 
was  shown  for  a number  of  50/50  blends;  changes 
in  these  spectra  occurred  with  more  complete  vul- 
canization. 


Polysulfide  polymers  have  been  examined  as  rubber 
modifiers  123)  Vulcanization,  temperature,  and 
static  property  changes  of  natural  rubber  and  SBH 
rubber  compounds  modified  with  polysulfide  were 
described.  Tests  on  these  compounds  using  the  Good 
rich  Flexometer  and  Monsanto  Fatigue  Tester  re 
duced  heat  build  up,  indicating  a reduction  of  the 
loss  factor  for  these  materials 

A theory  has  been  developed  [241  to  explain  the 
rapid  changes  in  modulus  of  filled  polymers  close  to 
the  glass  transition  temperature  Experiments  were 
run  with  a glass  bead-filled  nitrile  rubber  on  the 
torsional  pendulum.  The  modulus  was  greatly  affect 
ed  by  the  particle-particle  contacts  and  the  degree 
of  agglomeration. 

Jones  (25)  presented  a reduced  temperature  nomo 
graph  that  allows  data  on  modulus  and  loss  factors 
of  viscoelastic  materials  to  be  obtained  as  a function 
of  both  frequency  and  temperature  from  the  same 
graph  Use  of  the  techniques  described  greatly  simpli- 
fy the  handling  and  presentation  of  data. 

The  effects  of  temperature,  molecular  weight,  and 
molecular  weight  distribution  on  the  viscoelastic 
properties  of  polyisobutylene  melts  have  been  deter 
mined  In  one  case  a Weissenberg  rheogonimeter 
was  used  to  develop  data  on  viscosity  vs  frequency 
over  a temperature  range  of  50°  to  242°  C (26) 

Dynamic  properties  of  a series  of  polyurethane  elasto 
mers  have  been  studied  as  a function  of  curative 
system,  curative  level,  catalyst  level,  and  curing 
temperature  [27) . A Rheovibron  was  used  at  1 10  Hr 
as  well  as  a Goodrich  Flexometer.  Good  correlation 
was  noted  between  the  heat  build-up  of  the  latter 
device  and  the  loss  modulus  data  determined  on  the 
Rheovibron. 

The  synthesis  of  some  EPDM  and  polyisobutylone 
bigraft  copolymers  have  been  described  [28) . Dy- 
namic data  based  on  the  Rheovibron  viscometer  were 
used  to  examine  the  phase  composition  of  these 
bigrafts. 

Dynamic  modulus  and  loss  factor  data  on  natural 
rubber  have  been  included  in  a design  manual  for 
elastomeric  bearings  (29) . 

Through  the  years,  an  extensive  body  of  data  on 
dynamic  properties  of  various  rubber  materials  has 


been  accumulated  by  the  Electric  Boat  Division  of 
General  Dynamics  Corporation  Most  of  the  data 
were  obtained  from  the  Rheovibron  Tester  at  four 
frequencies  - 3.5  Hz,  11  Hz.  35  Hz,  and  110  Hz 
with  temperatures  as  low  as  -40°F  The  time  tern 
perature  super  position  techniques  previously  de 
scribed  ID  have  been  used  to  extrapolate  the  values 
at  the  low  frequencies  upward  by  two  decades 
Figures  1 through  5 show  some  of  these  data  The 
loss  factor  can  bu  determined  from  these  curves  by 
the  ratio  of  loss  modulus  and  rear  modulus.  The  data 
illustrate  the  broad  variability  in  dynamic  modulus 
and  loss  factors  with  frequency  and  temperature 
changes  A designor  must  recognise  this  variability 
when  he  considers  dynamic  ellects  on  elastomers 

The  highest  loss  factors  obtained  were  with  butyl 
and  nitrile  compounds,  the  lowest  were  with  poly 
butadiene  and  EPDM  The  small  temperature  sen 
sitivity  of  EPDM  and  polybutadionc  at  0°C  and 
20°C  is  shown  in  Figures  3 and  4 These  polymers 
are  still  behaving  as  rubbery  materials,  and  the 
changes  in  modulus  with  frequency  are  still  rathei 
shallow.  Contrast  this  with  the  butyl,  neoprene,  and 
nitrile  polymers,  in  which  the  changes  in  modulus 
occur  more  rapidly  as  frequency  and  temperature 
change.  We  obviously  are  higher  in  the  transition 
zone  between  rubbery  and  glassy  behaviors  The 
nitrile  rubber  is  very  close  to  the  glassy  region  at  0°C. 

Other  data  were  gathered  on  a flexure  wave  apparatus 
similar  to  that  described  by  Holtz  and  Cramer  130) . 
This  equipment  can  give  direct  measurement  of 
Young's  Modulus  (real  and  imaginary)  and  the  loss 
factor  at  frequencies  sometimes  above  20  kHz 
The  complex  modulus  and  loss  factor  are  plotted  vs 
frequency  at  three  different  temperatures  for  two 
different  rubber  materials  (Figures  6 and  7).  Again, 
note  the  contrast  in  results  betweon  a nitrile  oomposi 
tion  and  a less  temperature  sensitive  butyl  compound 
The  butyl  compounds  contains  a very  small  number 
of  voids  that  are  incorporated  during  the  molding 
operation. 
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Figure  7.  Complex  Modulus  and  Loss  Factor  vs.  Frequency  for  Porous  Butyl  Material  at  Three  Temperatures 
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Abstract  - Recent  work  on  approximate  techniques 
for  plastic  deformation  of  structures  under  impulsive 
loading  is  summarized.  Research  oriented  methods 
and  design-oriented  methods  are  described.  Several 
designoriented  methods  have  been  utilized  by 
structural  designers. 

This  review  is  an  update  ot  a 1975  review  ID. 
References  and  discussion  from  the  previous  review 
are  not  repeated,  rather,  later  work  on  the  topic  is 
summarized.  Older  work  on  a related  topic  not 
previously  covered  - that  is,  design-oriented  analyses 
of  plastic  response  of  structures  to  impulsive  load 
ing  ••  has  been  added.  As  before,  discussion  of  com- 
plex analytic  methods  requiring  the  use  of  large 
computer  programs  has  been  avoided  because  these 
methods  cannot  be  classed  as  approximate  tech- 
niques. 

Approximate  analytic  methods  for  plastic  structural 
response  under  impulsive  loading  are  either  research- 
oriented  or  design-oriented  Research-oriented  meth 
ods  are  limited  to  such  relatively  simple  structural 
geometries  as  rectangular  or  circular  plates  of  uniform 
thickness,  beams  or  rings  of  uniform  rectangular 
cross  section,  and  spherical  or  cylindrical  shells  of 
uniform  thickness.  Simple  structures  analyzed  in 
research-oriented  papers  are  usually  of  homogeneous 
materials;  eg.,  steel  or  aluminum  alloy.  The  advan- 
tages of  such  limitations  are  that  basic  principles 
(e  g.,  limit  theorems)  can  be  emphasized,  corrobora- 
tion by  laboratory-scale  experiments  is  possible  and 
relatively  inexpensive,  and  basic  research  funding  can 
be  obtained  to  support  the  work.  The  primary  dis- 
advantage is  lack  of  direct  applicability  to  real  struc- 
tures. 

Design-oriented  approximate  analytic  methods  are 
aimed  at  predicting  the  response  ot  real  structures 
or  elements  of  real  structures.  Cross  sections  of 

•Institute  Scientist,  Southwest  Research  Institute,  P.O.  Box  21 


beams  can  be  a variety  of  commercially  available 
structural  shapes  channels.  I-beams,  or  box  sections 
Plates  can  be  corrugated  or  formed  from  thin,  flat 
materials  Various  built-up  sections  can  be  assumed 
Not  only  can  such  homogeneous  materials  as  struc- 
tural steel  be  treated  but  also  such  composite  materi- 
als as  reinforced  concrete.  Disadvantages  of  the 
design-oriented  approximate  methods  for  the  more 
complex  real  structures  lie  in  greater  departure  from 
physical  reality  than  for  the  simpler  idealized  struc- 
tures. added  complexity  and  expense  of  testing  to 
verity  the  methods,  and  difficulty  in  obtaining  sup 
port  funding  to  verify  the  methods.  But.  despite 
these  disadvantages,  several  design-oriented  approxi- 
mate techniques  have  been  well  accepted  by  the 
structural  design  community. 

RESEARCH-ORIENTED  ANALYSES 

Two  reviews  (2,  3)  cover  the  broad  topic  of  dynamic 
plastic  behavior  of  structures  and  include  discussions 
of  papers  on  impulse-sensitive  simple  structures 

More  specific  research-oriented  analyses  have  been 
made  within  the  past  few  years  tor  a variety  of  simple 
structural  elements.  Increasingly,  either  a simple  rule 
for  rate-sensitivity  of  the  structural  materials  is 
included,  upper  and  lower  bounds  for  structural 
deformation  are  predicted,  large  deformations  are 
predicted,  or  some  combination  of  these  refinements 
to  simple  rigid-plastic,  small  deformation  theory  is 
made  (4-15).  Typical  effects  of  considering  large 
deflections  versus  linear,  small-deflection  theory  are 
shown  in  Figure  1.  The  dimensionless  maximum 
deformation  of  a uniformly-impulsed  beam  is  given 
as  a function  of  dimensionless  initial  kinetic  energy, 
the  figure  indicates  the  marked  deviation  from  linear 
theory  for  deformations  exceeding  twice  the  beam 
thickness 
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Figure  1.  Influence  of  Geometry  Changes 
on  Impulsive  Response  of  Beams  [12] 

DESIGN-ORIENTED  ANALYSES 

| 

Design-oriented  approximate  analyses  fall  generally 
into  two  categories.  The  first  includes  computations 
in  which  the  complex  structure  is  approximated  as 
a single-degree-of-freedom  system  with  an  elastic- 
plastic  resistance  function;  the  response  is  com- 
puted by  relatively  simple  computer  programs  for 
various  transient  loading  functions.  The  resulting 
predictions  of  maximum  deformation  or  plastic 
strain  are  reduced  to  design  curves  and  graphs.  The 
author  calls  this  method  Biggs'  Method,  because  of 
the  clear  and  cogent  presentation  by  J.M.  Biggs 
[16],  It  is  also  called  Newmark's  Method,  after 
N.  Newmark,  and  was  apparently  initially  developed 
more  or  less  independently  by  these  two  men.  The 
technique  has  been  incorporated  into  several  hand- 
books [17-21]  that  are  widely  used  by  architect- 
engineers  in  dynamic  design  or  for  evaluation  of  blast- 
resistant  structures.  A typical  set  of  design  curves 
is  shown  in  Figure  2. 


The  second  category  of  design-oriented  approximate  Figure  2.  Maximum  Response  of  Elastic-Plastic 

analyses  involves  the  use  of  energy  balances  between  One-dof  System  for  a Triangular  Load 

initial  work  done  by  dynamic  pressures  or  impacts  [U.S.  Army  Corps  of  Engineers,  1957) 

and  plastic  strain  energy  absorbed  by  the  deformed 

structure.  These  methods  are  often  used  in  oon-  The  earliest  application  of  the  P-l  concept  in  assess- 

junction  with  the  pressure-impulse  (P-l)  concept.  ing  structural  damage  was,  in  the  author's  opinion. 

Both  classes  of  approximation  have  been  discussed  a now  declassified  report  122).  Empirical  data  on 

[1];  only  later  papers  or  recently  available  papers  external  blast  damage  from  explosive  detonations 

are  given  here.  near  a specific  aircraft  were  correlated  with  combina- 
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tions  of  air-blast  pressure  and  impulse.  The  data 
roughly  described  rectangular  hyperbolas  in  a graph 
of  P versus  I.  These  isodamage  curves  were  assumed 
to  be  basic  characteristics  of  the  complex  structure 
and  were  used  to  predict  variations  in  aircraft  damage 
for  altitude  ambient  conditions  from  sea  level  test 
data.  Revised  plots  of  blast  pressures  and  impulses 
that  would  occur  for  explosions  at  various  altitudes 
were  laid  over  the  P-l  diagrams.  A good  review 
[23]  on  the  use  of  the  P-l  concept  has  recently 
appeared;  the  effect  of  pulse  shape  on  response  of 
simple  elastic-plastic  or  rigid-plastic  structures  is 
discussed  and  has  been  amplified  in  later  work 
[21] . Figure  3 is  representative  of  that  work. 


Figure  3.  Critical  Load  Curves  for  the  Simple 
Rigid-Plastic  System  [23] 


A number  of  recent  papers  [24-28]  give  specific 
applications  of  either  the  P-l  concept,  energy  meth- 
ods, or  both,  the  methods  are  used  to  develop  dy- 
namic plastic  structural  design  equations  or  graphs. 
A number  of  results  are  included  in  other  work  [21] . 
New  developments  include  use  of  single-function 
constitutive  relations  to  approximate  elastic-plastic 
behavior  and  energy  solutions  for  two-degree-of-free- 
dom  systems.  Energy  methods  and  reflected  blast 
wave  data  have  been  used  to  predict  failure  thresholds 
for  heavily  reinforced  concrete  walls  after  nearby 
explosions  [28] . One  of  the  prediction  curves  for 
concrete  wall  deflection  under  impulsive  air  blast 
loading  is  shown  in  Figure  4. 
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Figure  4.  Scaled  Deflection  of  Concrete  Wall 
Due  to  Impulsive  Air  Blast  Loading  [28] 


EXPERIMENTS 

A number  of  the  impulsive  response  analyses  cited 
here  have  been  corroborated  by  test  data.  The  most 
popular  ways  of  applying  impulsive  loads  to  simple 
or  laboratory-scale  structures  are  to  load  with  com- 
mercial sheet  explosive  or  to  impact  with  deformable 
projectiles.  Test  data  of  this  type  have  been  pub- 
lished [7,  10,  14,  15,  29,  30],  For  more  complex 
structures,  air-blast  loading  from  high  explosives 
detonated  nearby  is  more  often  used  as  the  loading 
source.  Test  data  of  this  kind  have  also  been  re- 
ported [19,  20,  22-24,  27].  In  some  instances,  the 
latter  tests  are  carefully  instrumented  proof  tests 
of  blast-resistant  structures;  pressures,  strains,  and 
displacements  are  recorded.  Comparisons  of  such 
test  data  for  a complex  structure  using  various 
methods  of  dynamic  analysis  have  appeared  [19, 27] . 


CLOSURE 

This  discussion  has  been  separated  into  research- 
oriented  and  design-oriented  analyses.  Indeed,  the 
approaches  appear  to  have  been  developed  separately. 
But  they  have  much  in  common  and  employ  similar 
assumptions  under  different  guises  or  names.  The 
mode  approximation  assumptions  from  the  Brown 
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Table.  Impulsive  Bending  Solution  for  Simply-Supported  Plastic  Beam  [21] 


Deformed 

Parabola 

First 

Static  Deformed 
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Ny 

Shape 
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Shape 
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X X _ X . 
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£ £ 

Parameter 

x 

Strain 

U£ 

Energy 

oyw0bH2 

Defor- 

mation 

WQpOyH3 

TF — 

0.250 

0.3183 

0.3125 

0.500 

Strain 

CmaxPOyH2 

i1 

1.00 

1.571 

1.500 

No  Meaning 

University  school  do  not  basically  differ  from  the 
simplifying  assumptions  made  by  Biggs  and  Newmark 
to  reduce  a complex  structure  to  an  equivalent  sys- 
tem with  one  degree  of  freedom.  Similarly,  the 
necessity  to  assume  a deformed  shape  for  a structure 
in  the  energy  balance  methods  is  equivalent  to  the 
mode  approximation.  This  point  has  been  discussed 
at  some  length  [21] . 


The  Table  shows  the  influence  of  drastic  differences 
in  mode  shape.  Four  deformed  shapes  are  assumed 
for  an  impulsively-loaded  beam;  multipliers  for 
dimensionless  strain  energy,  maximum  deflection, 
and  maximum  strain  are  shown.  It  can  be  seen  that 
strain  energies  and  deformations  can  differ  by  a 
factor  of  two;  maximum  strain  can  be  more  sensi- 
tive --  even  to  having  no  meaning  for  the  assumption 
of  a single  concentrated  hinge. 


In  conclusion,  the  author  feels  that  considerable 
excellent  work  has  been  done  since  1975  and  that 
he  has  cited  a representative  sample  of  this  work. 
However,  no  landmark  papers  have  appeared  that 
open  new  avenues  of  approach. 
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VIBRATION  ENGINEERING 

A.D.  Dimarogonas 
West  Publishing  Co..  1976 


This  is  an  introductory  to  intermediate  level  text 
on  vibration  analysis.  Starting  from  geometry  and 
kinematics  of  vibration,  the  book  covers  the  tradi- 
tional single-degree-of-freedom  systems  (Chapters  2, 
3,  and  5).  The  vibration  of  continue  is  covered  in 
Chapter  7.  Multiple-degree-of-freedom  lumped  mass 
systems  are  covered  in  Chapters  8 and  9.  These  topics 
represent  the  standard  treatment  of  vibration  of 
linear  systems,  and,  for  most  part,  the  presentations 
are  excellent.  However,  more  attention  should  be 
given  to  the  eigenvalue  problem  and  modal  analysis, 
in  view  of  the  importance  of  these  two  topics  in 
practical  vibration  analysis.  Also  missing  are  the 
modern  direct  intergration  methods  (e.g.,  Newmark, 
Houbolt,  Wilson)  for  direct  solution  of  forced  vibra- 
tion problems. 

Computer-aided  vibration  analysis  is  the  subject  of 
Chapter  6,  Chapter  10  includes  some  special  methods 
for  computer-aided  vibration  analysis.  Most  of  the 
information  in  Chapter  6 is  related  to  FORTRAN 
programming,  a subject  hardly  suitable  for  a vibra- 
tion book.  Furthermore,  most  practicing  vibration 
engineers  are  interested  in  using  computer  programs 
to  solve  specific  problems,  rather  than  in  develop- 
ing programs.  It  would  thus  have  been  more  produc- 
tive if  Chapter  6 emphasized  the  use  of  available 
computer  programs  for  vibration  analysis.  Among  the 
special  methods  mentioned  in  Chapter  10  are  the 
Rayleigh,  Rayleigh-Ritz  (the  author  uses  the  term 
method  of  constraints),  transfer  matrix,  and  finite 
element.  The  coverage  of  finite  elements  even  very 
briefly  is  a healthy  trend  because  most  practical  vibra- 
tion analyses  are  now  handled  by  finite  element 
computer  programs.  It  would  be  beneficial  to  the 
reader  if  a more  general  treatment  of  the  finite 
element  method  - at  least  a brief  mention  of  the 
formulation  of  plate  elements  - were  presented,  and 


if  the  reader  were  informed  that  general  purpose 
programs  exist  that  use  finite  element  formulations. 

Among  the  special  features  of  the  book  are  the  treat- 
ment o*  stability  and  nonlinear  system  in  Chapters 
4 and  12,  vibration  of  rotating  shafts  in  Chapter  11, 
the  effect  of  vibration  in  man  and  machines  in 
Chapter  13,  ario  vibration  synthesis  and  identification 
in  Chapter  14.  Stability  analysis  includes  an  introduc- 
tion of  the  methods  of  Liapunov,  which  is  not  seen 
in  most  other  vibration  books.  The  brief  introduction 
of  vibrational  effects  is  interesting,  especially  in 
today's  ecology-conscious  society.  The  Chapter  on 
synthesis  and  identification  is  unique  among  vibration 
books,  even  though  it  is  very  brief  it  calls  attention 
to  the  important  problem  of  identification  of  models 
from  test  data.  This  new  field  should  be  given  more 
attention  in  future  books  in  vibration. 

In  summary,  with  proper  supplemental  material  from 
the  instructor,  this  book  could  be  used  as  an  intro- 
ductory text  in  vibration  analysis.  The  book  contains 
more  than  110  solved  examples,  and  thus  can  also 
be  used  as  a reference  for  practicing  engineers. 

8.P.  Wang 
Sperry  Marine  Systems 
Sperry  Rand  Corporation 
Charlottesville,  VA  22901 


WAVE  PROPAGATION 
IN  ELASTIC  SOLIDS 

J.D.  Achenbach 

North-Holland  Publishing  Co.,  Amsterdam,  1975 

Professor  Achenbach,  a member  of  the  Civil  Engineer- 
ing Department  at  Northwestern  University,  is  an  in- 
ternationally known  expert  in  fracture  mechanics  and 
the  dynamics  of  composite  media.  He  is  eminently 
well  qualified  to  write  a text  on  elastic  wave  propa- 
gation. 
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The  book  Is  a welcome  addition  to  the  literature  in 
that  it  makes  readily  accessible  many  of  the  develop- 
ments in  the  field  of  the  last  20  years  or  so.  The  text 
is  primarily  concerned  with  theoretical  aspects  and 
is  directed  toward  graduate  students.  The  prospective 
reader  should  have  had  a first  course  in  elasticity 
and  be  reasonably  familiar  with  Fourier  series,  com- 
plex variables,  and  integral  transform  techniques.  The 
text  is  organized  into  ten  chapters. 

Chapter  one  departs  from  the  traditional  in  that  it 
begins  with  a thorough  discussion  of  the  Eulerian 
and  Lagrangian  methods  of  description;  by  this 
means  conditions  are  established  for  which  the 
process  of  linearization  is  valid.  General  solutions  to 
the  one-dimensional  wave  equation  are  then  devel- 
oped, as  well  as  such  concepts  as  mechanical  im- 
pedance, reflection,  and  transmission  coefficients  and 
dispersion,  power,  and  velocity  of  energy  propaga- 
tion. Fourier  series  and  integrals  are  introduced  at 
an  elementary  level. 

Chapter  two  is  devoted  to  further  developing  the 
general  background.  It  begins  with  a review  of  the 
indicial  notation  arid  vector  analysis.  The  stress 
equations  of  motion  are  derived;  the  linear  elastic 
solid,  with  emphasis  on  the  isotropic  case,  is  intro- 
duced. Initial-boundary  value  problems  are  elabo- 
rated, with  one-  and  two-dimensional  examples  being 
cited.  Power  and  energy-concepts  are  further  ex- 
tended. and  Hamilton's  principle  is  derived  from  the 
stress  equations  of  motion.  Displacement  potentials 
are  then  introduced,  which  leads  naturally  to  discus- 
sion of  vector  relationships  in  orthogonal  curvilinear 
coordinates. 

The  opening  sections  of  Chapter  three  involve  proofs 
for  a uniqueness  theorem,  the  Betti-Rayleigh  reci- 
procity theorem,  the  completeness  of  the  potential 
representation  of  the  displacement  field,  and  the 
Helmholtz  decomposition  theorem.  A succinct  treat- 
ment of  waves  generated  by  body  forces  includes  the 
use  of  delta  functions  in  point  and  line  singularities 
for  the  scalar  wave  equation;  such  fundamental 
differences  as  the  persistence  of  the  two-dimensional 
signal  are  pointed  out.  Similar  results  are  given  for 
the  elastodynamic  case,  and  a Kirchhoff-type  integral 
representation  is  developed.  The  chapter  concludes 
with  a discussion  of  the  difficulty  of  constructing 
Green's  functions  and  a treatment  of  the  special 
case  of  harmonic  time  dependency. 


Waves  in  unbounded  media  are  the  topic  of  Chap- 
ter four.  It  begins  with  an  examination  of  plane 
waves,  including  nonhomogerteous  ones.  Superposi- 
tion methods  are  used  to  obtain  a general  solution  for 
a spherical  cavity  loaded  by  a radially  symmetric 
boundary  pressure  with  an  arbitrary  time  depen- 
dence. Two-dimensional  motions  with  axial  sym- 
metry are  briefly  reviewed.  Subsequent  sections  are 
concerned  with  the  propgation  of  surfaces  of  dis- 
continuity; rays;  wave-front  expansions;  and  the 
theory,  and  some  applications,  of  characteristics. 

These  sections  are  a strong  feature  of  the  book 
because  this  valuable  material  is  frequently  omitted 
in  many  standard  texts.  The  closing  sections  involve 
another  welcome  feature  - namely  a discussion  of 
homogeneous  solutions  of  the  wave  equation  and 
their  application  to  shear  wave  propagation  in  a 
wedge. 

Harmonic  wave  propagation  in  half  spaces  is  covered 
in  Chapter  five.  Considerable  detail,  including  inter- 
pretations involving  slowness  diagrams,  is  given  on  the 
reflection  and  transmission  of  plane  waves  at  plane 
interfaces.  Surface  wave  propagation  is  analyzed,  a 
somewhat  novel  feature  being  the  use  of  the  argu- 
ment principle  of  complex  variable  theory  to  assess 
the  number  of  roots  of  the  Rayleigh  function  in  the 
physical  plane.  The  concluding  section  contains  a 
treatment  of  Stoneley  waves.  , 

Harmonic  propagation  in  waveguides  is  taken  up  in 
Chapter  six.  Considerable  detail  is  given  on  disper-  • 

sion  relations  for  SH,  longitudinal,  and  flexural  wave 
propagation  in  an  infinite  plate;  Love  wave  propaga- 
tion; and  torsional,  longitudinal,  and  flexural  waves 
in  an  infinite  circular  rod.  Included  is  a treatment, 
using  Hamilton's  principle,  of  the  relationship  be- 
tween group  velocity  and  the  velocity  of  energy 
transportation.  The  chapter  closes  with  a brief 
account  of  elementary  approximate  theories  - as  well 
as  theories  of  the  Timoshenko  type  - for  transients 
in  rods  and  plates. 

Chapter  seven  treats  transient  motions  in  half  space. 

It  will  probably  make  the  heaviest  mathematical 
demands  of  the  neophyte:  in  the  space  of  20  pages 
or  so  are  included  Fourier,  Laplace,  and  Hankel 
transforms,  and  the  asymptotic  evaluation  of  in- 
tegrals using  stationary  phase  and  saddle  point 
methods.  The  first  application  involves  shear  wave 
propagation;  the  classic  Lamb  problem  of  excitation 
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by  a surface  normal  line  load  is  analysed  using  the 
Cagniard-de  Hoop  technique.  I suspect  some  readers 
will  experience  trouble  here  because  the  author 
assumes  considerable  expertise  in  multi-valued  func- 
tion theory,  a subject  that  is  at  best  covered  only 
briefly  in  many  introductory  courses  on  complex 
variables.  The  surface  point  load  problem  is  studied 
using  Hankel  transforms.  The  approach  is  one  in 
which  the  Cagniard-de  Hoop  idea  is  harnessed  by 
replacing  Bessel  function  with  suitable  integral 
representations. 

Transients  in  infinite  rods  and  plates  are  taken  up 
in  Chapter  eight  by  means  of  multi-integral  trans- 
form methods.  The  treatment  is  rather  brief,  with 
the  relevant  literature  being  cited  for  most  of  the 
detail. 

Chapter  nine  introduces  wave  diffraction.  Although 
only  plane  waves  and  semi-infinite  scatterers  are 
described,  the  material  considerably  enhances  the 
value  of  the  book  because  diffraction  is  completely 
omitted  in  many  standard  works.  Some  prior  ex- 
posure to  integral  equations  would  be  beneficial  to 
the  reader.  The  major  thrust  is  an  explanation  of  the 
Wiener-Hopf  technique;  the  general  factorization 
procedure  is  illustrated  for  the  Rayleigh  function. 
The  diffraction  of  SH  waves  by  a semi-infinite  slit 
is  covered  in  detail.  The  corresponding  problem  for 
an  incident  longitudinal  wave  is  briefly  discussed. 

The  final  chapter  is  ambitious  in  that  it  touches 
on  the  effects  of  temperature,  viscoelasticity,  aniso- 
tropy, and  nonlinearities.  It  opens  with  a short  devel- 
opment of  a theory  of  coupled  thermoelasticity, 
which  is  then  used  to  study  the  propagation  of 
harmonic  plane  waves  in  infinite  media.  Important 
results,  such  as  the  lack  of  coupling  between  trans- 
verse waves  and  temperature  and  the  attenuation 
and  dispersion  of  mechanical  waves,  are  highlighted. 
Linear  viscoelasticity  is  examined;  such  concepts  as 
hereditary  integrals,  creep  and  relaxation  functions, 
and  complex  moduli  are  introduced.  The  main 
effects  on  harmonic  and  transient  wave  propagation 
are  pointed  out.  The  sections  on  anisotrooy  are 
brief,  but  the  interested  reader  is  steered  to  the 
relevant  literature.  The  possibility  of  shock  wave 
formation  in  solids  is  illustrated  using  a one-dimen- 
sional  model  in  which  a nonlinear  relationship  exists 
between  stress  and  deformation  gradient. 


Two  final  items  are  worthy  of  mention.  The  addition 
of  problems  at  the  end  of  each  chapter  will  be  an 
attractive  feature  to  many  instructors.  North  Holland 
are  to  be  congratulated  on  bringing  out  a paperback 
edition  considering  the  average  student's  (and  Pro- 
fessor's) budgetl 

. R.A.  Scott 
Professor  of  Applied  Mechanics  and 
Engineering  Science 
University  of  Michigan 
Ann  Arbor.  Ml  48109 

HANDBOOK  OF  INDUSTRIAL 
NOISE  CONTROL 

L.L.  Faulkner,  Editor 
Industrial  Press,  Edison,  NJ,  1976 


This  book  is  a practical  volume  for  the  engineer 
interested  in  maintenance  and  the  engineering  de- 
signer requiring  design  hints  in  cook  book  form.  It 
is  easy  to  read,  easy  to  understand,  and  full  of  infor- 
mation. Few  of  the  many  volumes  written  on  this 
subject  are  equal  to  this  book. 

The  1 2 chapters  were  written  by  eminent  authorities; 
an  appendix  contains  SI  conversions.  Chapters  I 
and  II  explain  the  fundamentals  of  sound  and  include 
definitions  of  sound  pressure  levels,  acoustic  im- 
pedance, decibels,  absorption  coefficients,  sound 
transmission  through  panels,  and  response  of  the 
human  ear.  An  excellent  glossary  of  terms  used  in 
sound  and  vibration  is  included.  Various  types  of 
microphones  and  associated  electronic  equipment 
are  described;  the  proper  placement  of  the  former  for 
meaningful  results  is  given.  Differences  in  the  A,  B, 
C,  and  D scales  are  explained  and  serve  as  a good 
introduction  to  understanding  noise  and  its  mea- 
surement. 

Chapters  III  and  IV  describe  standards  of  noise  con- 
trol required  for  various  commercial  and  industrial 
equipment,  with  particular  reference  to  the  initiating 
source.  The  interpretation  of  noise  measurements, 
calculation  of  sound  pressure  levels  and  their  relation- 
ship to  OSHA  requirements  are  considered  with 
regard  to  machinery  noise.  OSHA  requirements  and 
criteria  are  explained  in  simple  language  and  include 
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annoyance  crituna.  loudness  levels,  and  noise  criteiid 
curves  Community  noise  criteria  outdoors  dre  given. 
Three  examples  are  worked  out  and  explained 

In  Chapter  V acoustic  materials  required  tor  noise 
control  are  described  Acoustic  absorption  and 
transmission  loss  attributable  to  materials  and  their 
roles  in  noise  control  are  given  as  are  suggestions 
for  sound  barrier  systems  (walls)  and  propot  methods 
for  measuring  sound  absorption  A sound  transmis- 
sion rating  system  is  considered,  and  its  relationship 
to  sound  control  is  explained  Systems  are  illustrated 
and  details  of  their  use  in  rooms  and  other  enclosures 
are  given. 

Chapter  VI  describes  external  dynamic  loads  and 
loads  resulting  from  and  occurring  within  machines 
and  structures  and  the  special  damping  materials 
required  Sonic  fatigue  of  aircraft  skins  and  resonance 
of  jet  engine  Ians  and  turbine  blades  also  sometimes 
require  special  damping  materials  The  damping 
behavior  of  materials  is  described  and  applied  to 
viscoelastic  materials,  vitreous  enamels,  and  honey 
comb  structures.  The  response  of  damped  structures 
is  explained,  and  the  application  of  damping  materials 
to  metallic  structures  is  described  Examples  are  given 
and  applied  to  structures. 

Chapter  VII  introduces  vibration  theory  and  describes 
vibration  isolation.  Various  oscillators  - pneumatic, 
rubber,  steel  spring  - are  considered.  Reduction  of 
harmful  effects  of  vibration  and  the  proper  use  of  vi- 
bration absorbers  are  described.  Shock,  response  and 
excitation  are  considered,  as  are  ways  for  reducing 
their  devastating  effects.  Reduction  of  vibratory  ef- 
fects in  machines  are  considered,  as  are  ways  for  re 
ducing  the  magnitude  of  excitation.  The  exciting  for- 
ces of  examples  are  given,  along  with  design  hints  for 
reducing  both  noise  and  vibratory  forces. 

Chapter  VIII  has  to  do  with  reduction  of  machine 
noise  from  gears,  bearings,  and  cams  in  the  machine 
design  process.  The  author  describes  in  detail  the 
reduction  of  noise.  The  chapter  includes  noise  control 
of  chain  drives  and  slider  mechanisms 

Fan  and  flow  are  noise  sources.  Measurements  of  fan 
noise  are  explained  in  Chapter  IX,  as  are  means  for 


reduction.  T he  author  has  provided  an  understand 
able  explanation  of  air  flow  noise  Valve  noise  it 
briefly  mentioned  Well  explained  examples  are 
included. 

Chapter  X describes  combustion  noise  which  usually 
consists  of  high  frequency  screeches  and  low  fro 
quency  pulsations.  It  is  harmful  to  )et  engines,  fuel 
oil  combustors,  and  furnaces  lhe  author  explains 
the  origin  of  combustion  noise,  as  well  as  ways  for 
suppressing  combustion  driven  oscillation 

Chapter  XI  is  concerned  with  valve  noise  phenomena 
and  the  mechanism  by  which  the  latest  type  ot  valves 
has  reduced  noise  and  increased  valve  efficiency. 
Valves  produce  noise  aerodynamically.  Calculations 
are  required  tor  proper  valve  application.  T he  author 
is  well  versed  in  this  field  and  shows  the  calculations 
required  to  predict  such  noise  Hydrodynamic  noise 
and  ways  for  calculating  it  are  considered,  as  ate 
ways  for  reducing  structural  damage  lhe  acoustic 
cut-off  frequency,  coincident  frequency,  and  ring 
frequencies  of  pipes  are  described,  but  the  chapter 
would  have  been  more  complete  if  the  overall  ettect 
of  pipes  acting  as  shells  had  been  considered  The 
latter  becomes  important  if  fluid  velocity  is  in  reso 
nance  with  the  pipes 

The  concluding  chapter  summarizes  the  previous 
chapters.  The  author  considers  four  cases  applied  to 
industrial  studies,  each  is  explained  in  detail. 

In  summary,  this  is  a practical  book  that  will  be 
useful  to  those  concerned  with  vibrations  and  noise 
control.  The  book  more  than  adequately  answers 
questions  of  maintenance  engineers  and  designers 
concerned  with  noise  and  vibration.  It  is  well  illus 
trated  and  contains  many  examples.  The  typographi 
cal  errors  are  easily  corrected.  This  book  will  be 
of  value  to  persons  concerned  with  combating  noise 
and  effectively  controlling  it. 

H.  Saunders 
General  Electric  Company 
Building  41,  Room  319 
Schenectady,  NY  12345 


SHORT  COURSES 


JULY 


FRACTURE  MECHANICS  I 

Dates  July  16-20,  1979 

Place  Union  College,  Schenectady,  New  York 

Objective  This  course  is  designed  to  illustrate  the 
use  of  fracture  mechanics  as  a practical  tool  in  engi- 
neering design  The  institute  will  benefit  those  con 
cerned  with  the  application  of  fracture  mechanics  to 
the  prevention  of  fracture  in  pressure  vessels  for 
power  generation,  for  example,  or  welded  structural 
frameworks  for  buildings  aitd  bridges 

Contact:  Office  of  Graduate  Studies  and  Con 

tinuing  Education,  Wells  House,  1 Union  Ave.,  Union 
College,  Schenectady.  NY  12308  (518)  370-6288. 

INSTRUMENTATION,  MEASUREMENTS 
ENGINEERING  AND  APPLICATION 

Dates  July  16  20, 1979 

Place  Union  College,  Schenectady,  New  York 
Objective  Major  topics  will  include  transducer 
design,  application  and  limitations,  engineering  the 
test  program,  recording  techniques,  identifying  good 
and  bad  data,  data  reduction  and  interpretation, 
and  case  histories.  These  will  be  applied  both  to 
static  and  dynamic  measurements. 

Contact  Office  of  Graduate  Studies  and  Con 
tinuing  Education,  Wells  House,  1 Union  Ave.,  Union 
College,  Schenectady,  NY  12308  (518)  370-6288. 


FRACTURE  MECHANICS  II  WITH  INDUSTRIAL 
APPLICATIONS 

Dates  July  23-26.  1979 

Place:  Union  College,  Schenectady,  New  York 

Objective  This  course  is  designed  for  engineers  with 
responsibility  and  management  of  fracture  analysis 
and  prevention.  The  course  will  focus  on  concepts 
and  methods  representing  the  state-of  the  art  as 
applied  in  the  pressure  vessel  and  piping  fields. 


Contact.  Office  of  Graduate  Studies  and  Con 
tinuing  Lducation.  Wells  House,  1 Union  Ave  , Union 
College,  Schenectady.  NY  12308  (518)  370-6288 


WORKSHOP  FOR  THE  ANALYSIS  OF  ROTOR 
BEARING  SYSTEMS 

Dates  July  23-27.  1979 

Place  Union  Colluge,  Schenectady,  Now  York 

Objective  A comprehensive  survey  of  the  dynamic 
problems  of  high  speed,  flexible  rotors  will  be  pro 
sen  ted  A full  range  of  rotor<fynamic  phenomena 
will  be  examined,  discussion  of  theory  will  be  com- 
plemented by  sample  computations  of  realistic  ongi 
neuring  problems. 

Contact  Office  of  Graduate  Studies  and  Con- 
tinuing Education,  Wells  House,  1 Union  Ave.,  Union 
College,  Schenectady,  NY  12308  (518)  3706288 


FINITE  ELEMENT  METHOD  IN  MECHANICAL 
DESIGN 

Dates  July  23  27.  1979 

Place  University  of  Michigan 

Objective  Applications  of  the  finite  element  math 
od  to  practical  problems  of  stress  analysis  and  design 
are  covered.  Also  included  is  the  derivation  of  the 
method  from  energy  principles.  Graphics  used  for 
data  preparation  and  interpretation  of  results  will 
be  presented. 

Contact:  Engineering  Summer  Conferences,  200 

Chrysler  Center,  North  Campus,  The  University  of 
Michigan,  Ann  Arbor,  Ml  48109. 


COMPUTER  WORKSHOP  IN  EARTHQUAKE  AND 
STRUCTURAL  DYNAMICS 

Dates:  July  30-August  3.  1979 

Place  Union  College,  Schenectady,  New  York 

Objective:  This  course  will  cover  structural  dynamics 
techniques  for  both  linear  and  nonlinear  many- 
degree-of-freedom  systems,  and  random  vibration 


and  computer  graphics  for  input  generation  and  out- 
put generation  Applications  to  current  technological 
problems,  including  earthquake  analysis,  pipe  whip 
dynamics,  shock  response  of  electronic  cabinets,  and 
fluid-solid  interaction,  will  be  discussed 

Contact  Office  of  Graduate  Studies  and  Con- 
tinuing Education,  Wells  House,  1 Union  Ave  , Union 
College.  Schenectady,  NY  12308  • (5181  370-6288 


COMPUTER  WORKSHOP  IN  EINITE  ELEMENT 
METHODS  OE  ANALYSIS  EOR  STRESS  AND 
OTHER  FIELD  PROBLEMS 

Dates:  July  30-August  3,  1979 

Place  Union  College,  Schenectady.  New  York 

Objective  The  objectives  of  the  course  are  to 
develop  the  basic  formulations  of  finite  element 
structural  analysis,  to  examine  practical  applications 
and  to  present  Fortran  IV  computer  programs  tor 
both  2D  and  3D  problems.  The  programs  will  be 
applied  to  tutorial  and  student  generated  problems. 

Contact  Office  of  Graduate  Studies  and  Con- 
tinuing Education,  Wells  House,  1 Union  Ave  , Union 
College,  Schenectady,  NY  12308  (518)  3706288. 


THE  APPLICATION  OK  VIBRATION  MEASURE- 
MENT AND  ANALYSIS  IN  MACHINE  MAINTE- 
NANCE 

Dates  August  14-16,  1979 

Place  Los  Angeles,  California 

Dates  August  20  22.  1979 

Place  Chicago,  Illinois 

Dates  November  6 8,  1979 

Place  Now  York,  New  York 

Dates  November  13-15,  1979 

Place  Dallas.  Texas 

Objective  These  sessions  are  designed  to  give  an 
understanding  of  the  concept  of  using  machinery 
vibration  as  a means  of  detecting  woai  in  rotating 
parts,  and  of  predicting  machinery  breakdowns.  It 
will  deal  with  the  principles  and  methods  of  machine 
condition  analysis  and  the  economic  benefits  ob 
tamable  from  condition  monitoring  Fundamentals 
of  vibration  measurement  and  analysis  are  explained 
with  particular  reference  to  optimum  choice  of 
measurement  parameter  and  techniques  to  avoid 
unnecessary  errors  and  limitations  in  detection  and 
diagnostic  capability. 

Contact  B&K  Instruments,  Inc.,  Bruel  & Kiaer 
Precision  Instruments.  5111  W.  164th  St.,  Cleveland. 
OH  44142. 


AUGUST 


THE  SCIENTIFIC  AND  MATHEMATICAL 
FOUNDATIONS  OK  ENGINEERING  ACOUSTICS 

Dates  August  13-24,  1979 
Place:  Massachusetts  Institute  of  Technology 

Objective  The  program  emphasizes  those  parts 
of  acoustics  - the  vibration  of  resonators,  projjerties 
of  waves  in  structures  and  air  - the  generation  of 
sound  and  its  propagation  that  are  important  in  a 
variety  of  fields  of  application  The  mathematical 
procedures  that  have  been  found  useful  in  developing 
the  desired  equations  and  their  solutions,  and  the 
processing  of  data  are  also  studied.  These  include 
complex  notation,  fourier  analysis,  separation  of 
variables,  the  use  of  special  functions,  and  spectral 
and  correlation  analysis. 

Contact  Richard  H.  Lyon,  Massachusetts  Institute 
of  Technology,  Room  3-366,  Dept,  of  Mech.  Engrg., 
Cambridge,  M A 02139. 


VIBRATION  AND  SHOCK  SURVIVABILITY 

Dates:  August  20-24,  1979 

Place  Tustln  Institute  of  Technology 

Objective  Topics  to  be  covered  are  resonance  and 
fragility  phenomena,  and  environmental  vibration  and 
shock  measurement  and  analysis,  also  vibration  and 
shock  environmental  testing  to  prove  survivability 
This  course  will  concentrate  upon  equipments  and 
techniques,  rather  than  upon  mathematics  and 
theory. 

Contact  Wayne  Tustin,  22  East  Los  Olivos  St., 
Santa  Barbara,  CA  93105  (815)  682  7171. 


finite  element  applications  in  machine 

DESIGN 

Dates:  August  27-31,  1979 

Place:  Tennessee  Technological  Univorsity 

Objective.  The  course  will  cover  basic  theorios  of 
finite  element  techniques  for  force,  displacement, 
and  stress-related  problems  of  mechanics  and  their 
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applications  to  the  solution  of  problems  in  the 
designs  ot  mechanical  systems,  machines,  and  their 
components.  Planar  and  three-dimensional  flexural 
finite  line  elements,  planar  triangular,  rectangular, 
quadrilateral  and  polar  finite  stress  elements,  three- 
dimensional  tetrahedron,  hexahedron,  prism  and 
polar  finite  stress  elements,  and  rectangular  and 
triangular  finite  plate  elements  will  be  presented. 

Contact  Dr.  Cemil  Bagci,  Dept,  of  Mech.  Engrg., 

Tennessee  Technological  University,  Cookeville,  TN 
38501  - (615)  528-3265/528-3254. 

MACHINERY  VIBRATIONS  COURSE 

Dates.  August  28-30,  1979 

Place:  Anchorage,  Alaska 

Objective:  This  course  on  machinery  vibrations  will 

cover  physical/mathematical  descriptions,  calcula- 
tions, modeling,  measuring,  and  analysis.  Machinery 
vibrations  control  techniques,  balancing,  isolation, 
and  damping,  will  be  discussed.  Techniques  tor 
machine  fault  diagnosis  and  correction  will  be  re- 
viewed along  with  examples  and  case  histories.  Tor- 
sional vibration  measurement  and  calculation  will 
be  covered. 

Contact:  Dr.  Ronald  L.  Eshleman,  Vibration  In- 
stitute, Suite  206,  101  W.  55th  Street,  Clarendon 
Hills,  I L 60514  - (3121  654-2254/654-2053. 


SEPTEMBER 


MACHINERY  VIBRATION  ANALYSIS 

Dates: 

Place: 

Dates: 

Place: 

Objective 
course  are: 


September  5-7,  1979 
Atlantic  City,  New  Jersey 
December  11-13,  1979 
New  Orleans,  Louisiana 
The  topics  to  be  covered  during  this 
fundamentals  of  vibration;  transducer 
concepts;  machine  protection  systems;  analyzing 
vibration  to  predict  failures;  balancing;  alignment; 
case  histories;  improving  your  analysis  capability; 
managing  vibration  data  by  computer;  and  dynamic 
analysis. 

Contact.  Spectral  Dynamics  Corp.  of  San  Diego, 
P.O.  Box  671,  San  Diego,  CA  921 12  - (714)  268- 
7100. 


VIBRATION  OF  BEAMS.  PLATES.  ANI)  SHELLS 

Dates:  September  10-14,  1979 

Place  The  Ohio  State  University 

Objective:  Understanding  the  natural  frequencies 
and  mode  shapes  of  beams,  plates  and  shells  as  well 
as  their  dynamic  response  to  external  excitation. 
A survey  of  the  recent  literature  and  examination 
of  important  papers  will  be  included. 

Contact:  Professor  A.W.  Leissa,  Dept,  of  Engineer- 

ing Mechanics,  The  Ohio  State  University.  155  West 
Woodruff  Ave.,  Columbus,  OH  43210  - (614)  422- 
7271. 


8th  ANNUAL  INSTITUTE  ON  THE  MODERN 
VIEW  OF  FATIGUE  AND  ITS  RELATION  TO 
ENGINEERING  PROBLEMS 

Dates:  September  10-14,  1979 

Place:  Union  College,  Schenectady,  New  York 

Objective:  This  course  will  emphasize  the  relation- 
ships of  our  current  physical  and  phenomenological 
understanding  of  fatigue  to  the  engineering  treat- 
ment of  the  problem.  The  curriculum  will  be  built 
around  the  several  stages  of  the  fatigue  process 
including  consideration  of  the  plastic  zone,  crack 
nucleation  and  early  growth,  crack  propagation  in 
the  plastic  regime,  crack  propagation  in  the  elastic 
regime,  and  failure. 

Contact:  Office  of  Graduate  Studies  and  Con- 

tinuing Education,  Wells  House,  1 Union  Ave.,  Union 
College,  Schenectady,  NY  12308  - (518)  370-6288. 


ROTATING  MACHINERY  VIBRATIONS  SEMINAR 

Dates:  September  18-20,  1979 

Place:  Boxborough,  Massachusetts 

Objective:  This  seminar  will  feature  lectures  on 

fluid  film  bearings,  torque  induced  lateral  vibration, 
coupling  use  on  rotating  machinery,  minicomputer 
use  and  self-excited  vibrations  in  rotating  machinery. 
Practical  aspects  of  rotating  machines  will  be  em- 
phasized. 

Contact:  Dr.  Ronald  L.  Eshleman,  Vibration  In- 

stitute, Suite  206,  101  West  55th  St.,  Clarendon 
Hills,  I L 60514  - (312)  654-2254/654-2053. 
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DIGITAL  SIGNAL  PROCESSING 

Dates  September  18-20,  1979 

Place  Washington,  D.C. 

Objective:  This  seminar  covers  theory,  operation 
and  applications  - plus  additional  capabilities  such  as 
transient  capture,  amplitude  probability,  cross  spec- 
trum, cross  correlation,  convolution  coherence,  co- 
herent output  power,  signal  averaging  and  demonstra- 
tions 

Contact:  Spectral  Dynamics  Corp.  of  San  Diego, 
P.O.  Box  671,  San  Diego,  CA  92112  - (714)  268 
7100. 


OCTOBER 

VIBRATION  CONTROL 

Dates:  October  8- 1 2,  1 979 

Place.  The  Pennsylvania  State  University 

Objective:  The  seminar  will  be  of  interest  and  value 
to  engineers  and  scientists  in  industry,  government, 
and  education.  Topics  include  dynamic  mechanical 
properties  of  viscoelastic  materials;  structural  damp- 
ing, isolation  of  machinery  vibration  from  rigid  and 
nonrigid  substructures;  isolation  of  impact  transients; 
reduction  of  vibration  in  beams,  plates,  and  shells; 
reduction  of  the  flow-induced  vibration  of  complex 
structures;  case  histories  in  vibration  reduction;  and 
characteristics  of  multi-resonant  vibrators. 

Contact:  Professor  John  C.  Snowdon,  Seminar 
Chairman,  Applied  Research  Lab.,  The  Pennsylvania 
State  University,  P.O.  Box  30,  State  College,  PA 
16801  - (814)  865-6364. 


MACHINERY  VIBRATIONS  SEMINAR 

Dates:  October  23-25, 1979 

Place:  Mechanical  Technology  Inc.,  Latham,  NY 

Objective:  To  cover  the  basic  aspects  of  rotor-bear- 
ing system  dynamics.  The  course  will  provide  a funda- 
mental understanding  of  rotating  machinery  vibra- 
tions; an  awareness  of  available  tools  and  techniques 
for  the  analysis  and  diagnosis  of  rotor  vibration 
problems;  and  an  appreciation  of  how  these  tech- 
niques are  applied  to  correct  vibration  problems. 
Technical  personnel  who  will  benefit  most  from  this 
course  are  those  concerned  with  the  rotor  dynamics 
evaluation  of  motors,  pumps,  turbines,  compressors, 
gearing,  shafting,  couplings,  and  similar  mechanical 


equipment.  The  attendee  should  possess  an  engineer- 
ing degree  with  some  understanding  of  mechanics 
of  materials  and  vibration  theory.  Appropriate  job 
functions  include  machinery  designers,  and  plant, 
manufacturing,  or  service  engineers. 

Contact:  Mr.  Paul  Babson,  MTI,  968  Albany- 
Shaker  Rd„  Latham,  NY  12110  - (518)  785-2371. 


ROTATING  MACHINERY  VIBRATIONS  COURSE 

Dates.  October  29-November  1, 1979 

Place:  Cherry  Hill,  New  Jersey 

Objective:  This  advanced  course  on  rotating  ma- 
chinery vibrations  will  cover  physipal/mathematical 
modeling,  mathematical  computations,  physical  de- 
scriptions of  vibration  parameters,  measuring,  and 
analysis.  Machinery  vibrations  control  techniques  will 
be  discussed.  Torsional  vibration  measurement,  analy- 
sis, and  control  will  be  reviewed. 

Contact:  Dr.  Ronald  L.  Eshleman,  Vibration  In- 
stitute, Suite  206,  101  West  55th  St.,  Clarendon 
Hills  IL  60514  - (312)  654-2254/654-2053. 


NOVEMBER 


VIBRATION  DAMPING 

Dates:  November  5-8, 1979 

Place:  University  of  Dayton  Research  Institute 

Objective.  Topics  to  be  covered  are:  damping  be- 
havior of  materials,  response  measurements  of  damp- 
ed systems,  surface  damping  treatments  on  vibrating 
members,  discrete  damping  devices,  special  analytical 
problems,  increasing  linear  viscoelastic  material 
properties,  damping  of  acoustic  vibrations,  selected 
case  histories,  problem  solving  sessions,  and  demon- 
stration of  digital  fast  fourier  analyses. 

Contact:  Mrs.  Audrey  G.  Sachs.  University  of 
Dayton  Research  Institute,  Dayton,  OH  45469  - 
(513)  229-2919. 


DYNAMIC  ANALYSIS  WORKSHOP 

Dates:  November  5-9,  1979 

Place:  San  Diego,  California 

Objective:  This  course  will  cover  the  latest  tech- 
niques of  analyzing  noise  and  vibration  in  rotating 
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machinery  and  power-driven  structures.  The  work- 
shop will  cover  both  the  theory  and  practical  aspects 
of  tracking  down  malfunctions  and  preventing  fail- 
ures caused  by  unbalance,  misalignment,  wear,  oil 
whirl,  etc.  Included  in  the  oourse  will  be  demon- 
strations and  practical,  hands-on  experience  with  the 
latest  noise  and  vibration  instrumentation;  Real  Time 
Analyzers.  FFT  Processors.  Transfer  Function  Analy- 
zers and  Computer-Controlled  Modal  Analysis  Sys- 
tems Actual  case  histories  and  specific  machinery 
signatures  will  be  discussed. 

Contact.  Spectral  Dynamics  Training  Manager. 
P.O.  Box  671,  San  Diego,  CA  92112  ■ (714)  565- 
8211. 


CONTROLLING  THE  EFFECTS  OF  PULSATIONS 
AND  FLUID  TRANSIENTS  IN  PIPING  SYSTEMS 

Dates:  November  7-9,  1979 
Place:  San  Antonio,  Texas 


Objective  The  seminar  wilt  cover  various  means  for 
preventing  and  controlling  the  detrimental  effects 
of  pulsations  and  fluid  transients  on  piping,  pumps, 
compressors,  and  other  plant  systems  and  equip- 
ment. Topics  will  include  pulsation  generation 
mechanisms  and  their  effects  in  plant  piping  and 
equipment,  the  SGA  Compressor  Installation  Simu- 
lator (SGA  Analog)  and  its  applications,  pulsation 
control  and  piping  system  design,  mechanical  re- 
sponse of  plant  components  to  pulsations  and  tran- 
sient excitation,  vibration  control  in  piping  systems, 
vibration-induced  stress  and  meaningful  stress  criteria, 
transient  fluid  interaction  of  system  components 
(flow  instabilities,  cavitation,  flashing,  piping  effects 
on  surge,  etc.),  effects  and  oontrol  of  pulsations  in 
flow  measurement;  and  pulsation  effects  on  the 
performance  of  compressor/pump  installations. 

Contact:  Joe  L.  Gulinson,  Southwest  Research 

Institute,  P.O.  Drawer  28510,  San  Antonio,  TX 
78284  - (512)  684-51 11,  Ext.  2521. 
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EIGHTH  TURBOMACHINERY 
SYMPOSIUM 


The  Gas  Turbine  Laboratories  at  Texas  A&M  Univer- 
sity announce  their  "Eighth  Turbomachinery  Sym- 
posium" to  be  held  at  the  Shamrock  Hilton  Hotel 
in  Houston,  Texas,  November  27,  28,  & 29,  1979. 

The  object  of  the  Symposium  is  to  provide  interested 
persons  with  the  opportunity  to  learn  the  applica- 
tions and  principles  of  various  types  of  turboma- 
chinery,  to  enable  them  to  keep  abreast  of  the  latest 
developments  in  this  field  and  to  provide  a forum 
wherein  those  who  attend  can  exchange  ideas.  In  this 
exchange  of  information,  users,  manufacturers,  basic 
design  engineers,  and  technicians  will  get  together 
and  discuss  problem  areas.  They  will  also  attend 
lectures  that  will  inform  them  of  the  latest  develop- 
ments in  the  area  of  turbomachines  and  related 
equipment. 

The  tentative  program  is  as  follows 

LECTURES  Bearings  - A User's  Viewpoint;  Selection 
and  Design  of  Tilting  Pad  and  Fixed  Lobe  Bearings. 
Electronic  Governors;  Governors  - A User's  View- 
point; Bearing  Failure  Detection  Designs;  Compressor 
Wheel  Problems,  Instabilities  in  Pumps;  Sound 
Controls,  Cogeneration  and  Bottoming  Cycle;  Gear 
Box  Problems;  Small  Gas  Turbine  Problems;  Mainte- 
nance Techniques;  Couplings  - A User's  Point  of 
View,  and  Use  of  Multiple  Fuels. 

DISCUSSIONS;  Compressor  Operation  and  Mainte- 
nance; Gas  Turbine  and  Driven  Equipment;  Steam 
Turbine  Operation  and  Maintenance;  Shop  Tech- 
niques for  Repair  and  Maintenance  of  Turboma- 
chinery, and  Onstream  Testing  of  Protection  Devices. 

PANEL  SESSION:  A special  panel  session  on  API 
specifications  relating  to  turbomachinery  will  be  held. 


ANNOUNCEMENT  AND  CALL  FOR  PAPERS 
Sympomun  on  Computational  Method*  in 
Nonlinear  Structural  and  Solid  Mechanic* 

This  symposium  will  be  held  at  the  Sheraton  National 
Motor  Hotel,  Washington,  D C.  on  October  6-8,  1980 
It  will  be  co-sponsored  by  The  George  Washington 
University  and  NASA  Langley  Research  Center. 

The  purpose  of  the  symposium  is  to  provide  multi- 
disciplinary medium  for  communicating  recent  and 
projected  advances  in  numerical  analysis,  applied 
mechanics,  computer  hardware,  computer  software 
and  their  impact  on  the  modeling  and  solution  of 
nonlinear  structural  and  solid  mechanics  problems. 
Papers  are  invited  on  the  following  topics:  continuum 
basis  for  nonlinear  phenomenon,  material  characteri- 
zation and  strength  theories,  computational  strategies 
and  adaptive  methods,  special  requirements  for  non- 
linear software  systems,  potential  of  minicomputers, 
supercomputers,  distributed  processors  and  micro- 
processors for  nonlinear  analysis.  Among  the  applica- 
tion areas  considered  are:  vehicle  crashworthiness, 
reinforced  ooncrete  and  fibrous  composite  structures, 
earthquake  resistant  structures  and  nuclear  reactor 
design. 

Authors  should  submit  three  copies  of  an  extended 
abstract  of  about  1 ,000  words  prior  to  November  2, 
1979.  Three  copies  of  the  final  manuscript  will  be 
due  by  April  28,  1 980.  Papers  accepted  for  presenta- 
tion will  be  published  before  the  meeting  in  a bound 
volume  and  will  be  considered  for  publication  in  the 
Journal  of  Computers  and  Structures. 

One  page  abstracts  are  also  solicited  on  current 
research  in  progress  for  presentations  at  special 
sessions.  For  further  information  contact: 

Professor  Ahmed  K.  Noor 
Mail  Stop  246 

The  George  Washington  University 
NASA  Langley  Research  Center 
Hampton,  Virginia  23665 
1804)  827-2897 
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ANALYSIS  AND  DESIGN 


load  and  anvironmant,  and  tor  the  nonhomogenaity  Intro- 
duced by  steel  reinforcement  and  cracking  of  concrete 


ANALYTICAL  METHODS 


NONLINEAR  ANALYSIS 


79-1104 

79-1 102  Some  Questions  on  Nonlinear  Deformation  in  Solida 

Approximate  Eigenvalue*  for  Syxtema  with  Variable  N.M.  Paniero  and  V.N.  Kuznetsov 
Parameter*  NASA.  Washington,  D.C.,  Rept.  No.  NASA-TT- 

S C.  Sinha  and  C.C.  Chou  F-17162,  140  pp  (Dec  1978)  (Engl  transl.  from 

Dept  of  Mech.  Engrg  , Kansas  State  Univ.,  Manhattan,  Moscow  State  Univ.  Inst,  of  Mech.  Sci.  Trans.  Mos- 

KS  66506,  J.  Appl.  Mech  . Trans  ASME.  46  (1).  cow,  no.  8.  1971 . pp  1-107) 

pp  203-205  ( Mar  1 979 ) 3 f igs.  9 refs  N79- 1 3404 


Kay  Words:  Eigenvalue  problems.  Dynamic  buckling.  Col-  Kay  Wordi:  Nonlinear  req>ona*.  Isotropy,  Anisotropy 
umns 

A collection  dedicated  to  the  theoretical  and  experimental 
Tha  paper  deals  with  an  approximate  analytical  technique  tor  studies  of  some  nonlinear  problems  of  deformed  solid  bodies 

solving  the  boundary-value  problems  governed  by  second-  is  presented.  Studies  include:  the  physical  nonlinearity  of 

order  differential  equations  with  variable  coefficients.  The  the  deformation  of  isotropic  and  anisotropic  solids;  tha  geo- 

variable  coefficient  appearing  in  tha  system  equation  is  metrical  nonlinearity  in  problems  about  stability  with  regiect 

expanded  in  ultraspherica I polynomials  in  the  desired  interval  to  final  perturbations  of  elastic  cylindrical  shells;  tha  meth- 

to  construct  simple  equivalent  functions  such  that  the  ap-  ods  of  solving  nonlinear  boundary  value  problems  of  thermo- 

proximate  differential  equations  thus  obtained  have  known  viscoelasticity  and  thermal  conductivity;  and  tha  behavior 

closed  form  solutions.  The  method  it  applied  to  calculate  of  constructions  in  cats  of  dynamical  loading.  Different 

the  critical  buckling  load  for  a column  of  exponentially  analytical  and  experimental  ways  and  methods  are  proposed 

varying  moment  of  inertia.  The  technique  is  quit*  general  for  solving  theta  problems;  solutions  of  macial  problems  are 

and  does  not  require  any  restriction  on  system  parameters.  alto  given. 


NUMERICAL  ANALYSIS 

79-1103 

Effect*  of  Normal  and  Extreme  Environment  on 
Reinforced  Concrete  Structures 

B.  Breslerand  R.H.  Iding  79-1105 

Div.  of  Structural  Engrg.  and  Structural  Mech.,  Elaetody namic  Response  of  | Penny-Shaped  Crack 
California  Univ.,  Berkeley,  CA,  Rept.  No.  UCSESM-  in  a Cylinder  of  Finite  Radius 
77-4,  NSF/RA-770674,  81  pp  (May  1977)  E.P.  Chen 

PB-287  439/4GA  Dept,  of  Mech.  Engrg.  and  Mechanics  and  Inst,  of 

Fracture  and  Solid  Mechanics.  Lehigh  Univ..  Bethle 
Kay  Words:  Dynamic  structural  analysis.  Reinforced  con-  hem,  PA  18015,  Inti.  J.  Engr.  Sci..  T7  (4),  pp  379- 

385  (1979)  3 figs,  1 table,  8 refs 

Prediction  of  the  response  of  reinforced  concrete  structures 

to  variations  in  temperature,  humidity,  and  load  is  described.  Kay  Words:  Numerical  analysis.  Elastody  namic  response, 

Modeling  of  structures,  loading  history,  anvironmant,  and  Cylinders,  Cracked  media.  Discontinuity-containing  madia 

material  behavior  is  discussed  and  several  cat*  studies  are 

included  to  illustrate  the  us*  of  proposed  models.  The  Tha  atastodynamic  response  of  a penny-shaped  crack  In  a 

models  account  for  nonlinear  behavior  under  variations  In  cylinder  of  finite  radius  It  investigated  in  this  study.  A step 


it  res*  it  applied  to  the  crack  turtaca  ratulting  in  trantiant 
bthavior.  The  ttratt  fiald  naar  the  crack  front  and  tha  dy- 
namic ttratt  Intan tity  factor  art  datarminad.  Numerical 
ratultt  for  tha  dynamic  ttratt  intantity  factor  ara  obtained 
to  show  tha  influanca  of  inertia,  gaomatry  and  thair  inter- 
action! on  tha  load  trantfer  to  tha  crack. 


79-1106 

.Numerical  Spatial  Marching  Technique!  in  Duct 
Acoustics 

K.J  Baumeister 

NASA  Lewis  Res  Center,  Cleveland,  OH  44135.  J. 
Acoust.  Soc.  Amer..  65  (2).  pp  297-306  (Feb  1979) 
13  figs,  23  refs 

Key  Word*:  Duett,  Sound  preaura,  Numerical  analysis 

A numerical  method  ii  developed  that  predict*  the  preuure 
dittribution  of  a ducted  tource  from  farfield  preuure  input*. 
Uting  an  initial  value  formulation,  the  two-dimentional 
homogeneout  Helmholu  wave  equation  (no  iteady  flow) 
it  tolvad  uting  explicit  marching  technique*.  The  Von  Neu- 
mann method  it  used  to  develop  relationships  which  de- 
scribe how  sound  frequency  and  grid  spacing  effect  numerical 
stability.  Sample  calculations  for  both  hard  and  soft  wall 
ducts  compare  favorably  to  known  boundary  value  solutions. 
This  initial  value  approach  it  successfully  used  to  deter- 
mine the  attenuation  of  a straight  soft  wall  duct. 


OPTIMIZATION  TECHNIQUES 

(Also  see  No.  1 1 17) 


79-1107 

Optimal  Design  of  Coupled  Dynamic  Systems  with 
Time-V ary  ing  Stiffness 

M.C.  Benton 

Ph.D.  Thesis,  The  Univ.  of  Wisconsin-Madison,  340 
PP  (1978) 

UM  7823047 

Kay  Words:  Optimum  design.  Coupled  systems.  Time- 
dependant  parameter*.  Periodic  excitation 

This  study  investigates  tha  uncoupling  of  tha  equations  of 
motion  of  dynamic  systems  with  time-varying  stiffness  sub- 
jected to  periodic  excitation.  A normal  mode  approach  it 
utad  for  formulating  tha  dynamic  equations.  A procedure 
it  given  for  investigating  tha  instability  regions  of  the  coupled 


system  utilising  the  uncoupled  equations.  The  forced  re- 
spona  end  peak  resonant  points  are  evaluated  uting  the  Ritz 
Averaging  method  for  sinusoidal  stiffness  fluctuation  and 
piecewise  analysis  for  the  rectangular  caw.  The  optimal 
design  of  f rationally  damped  absorbers  for  gear  systems  it 
considered.  General  design  data  are  determined  and  can  be 
directly  used  for  the  select  ion  of  the  optimal  parameters  for 
a given  system. 


STATISTICAL  METHODS 

(See  Nos.  1109.  1236) 


MODELING 


79-1108 

Frequency  Response  of  Non-Linear  Single  Degree- 
of-Freedom  Systems 

K.  Peleg 

School  of  Packaging.  Michigan  State  Univ.,  Fast 
Lansing.  Ml  48824,  Inti.  J.  Sci..  21  (2).  pp  75-84 
(1979)  7 figs,  9 refs 

Key  Words:  Frequency  retpona  method,  Mathematical 
models 

A realistic  model  to  predict  the  retpona  of  practical  systems 
to  vibration  excitation  it  proposed.  It  consists  of  a man 
between  two  p reloaded  non-linear  (cubic  elasticity  springs) 
and  restrained  by  s Coulomb  and  viscous  damper.  A har- 
monic motion  solution,  satisfying  "on  the  average"  the 
non-linear  differential  equation  of  motion  of  the  model  it 
developed  whereby  aquations  for  frequency  retpona  curvet 
are  obtained.  Expressions  for  relative  and  absolute  trantmit- 
sibtlity  as  well  as  thair  values  at  resonance  are  developed. 


DIGITAL  SIMULATION 

(Also  see  No.  1257) 


79-1109 

Simulation  of  Space-Random  Fielda  for  Solution  of 
Stochastic  Boundary-Value  Problems 

I.  Elishakoff 

Dept,  of  Aeronautical  Engrg.,  Technion-lsrael  Inst,  of 
Tech.,  Haifa,  Israel,  J.  Acoust.  Soc.  Amer.,  65  (2), 
pp  399-403  (Feb  1979)  31  refs 


Kay  Words:  Boundary  value  problems.  Stochastic  processes, 
Digital  simulation,  Moda  shapes 


Two  analytical  inflow  models  ere  studied:  the  first  is  based 
on  an  equivalent  blade  Lock  number,  the  second  it  basad  on 
a time  delayed  unsteady  momentum  inflow.  Identifications 
The  technique  of  digital  simulation  of  Gaussian  random  fields  from  simulated  test  data  and  an  eigenvalue  analysis  are 

(which  are  nonhomogtneous  in  *>ace  or  era  part  of  homo-  performed.  Prediction  studies  with  experimental  date  not 

geneous  random  fields  in  *>«ce)  is  presented  to  a solution  of  used  for  tha  identification  are  performed  to  determine 
stochastic  boundary-value  problems.  Tha  method  consists  the  accuracy  of  tha  mathematical  models, 
of  expanding  tha  simulated  field,  with  known  mean  and 
autocorrelation  function,  in  series  in  terms  of  the  structure! 
natural  mode  shapes,  and  the  Fourier  coefficients  of  the 
truncated  series  are  then  simulated  as  random  normal  vectors. 

The  method  is  applicable  to  static  or  dynamic  stochastic  CRITERIA,  STANDARDS,  AND 

two-point  boundary-value  problems  in  mechanics  of  solids.  SPECIFICATIONS 

(Also  see  No.  1266) 


PARAMETER  IDENTIFICATION 


79-UIO 

System  Identification,  Damage  A me  ament,  and 
Reliability  Evaluation  of  Structures 

E C.  Ting,  S.J.H.  Chen,  and  J.T.P.  Yao 
School  of  Civil  Engrg.,  Purdue  Univ..  Lafayette,  IN, 
Rept.  No.  CE-STR-78-1,  NSF/RA-780325,  09  pp 
(Feb  1978) 

PB-288  889AJGA 

Key  Words:  System  identification  technique.  Damage, 
Reliability,  Earthquake  resistant  structures 

Available  literature  on  the  methods  of  structural  identifica- 
tion, damage  assessment,  and  reliability  evaluation  are  re- 
viewed and  summarized.  The  possibility  of  combining  those 
techniques  into  e rational  procedure  for  practical  imple- 
mentation is  discussed.  The  available  literature  has  been 
presented  in  tabular  form.  Several  recommended  procedures 
for  inspection  and  safety  assessment  are  reviewed  and  sum- 
marized. The  possible  incorporation  of  system  identifica- 
tion techniques  into  damage  assessment  is  also  discussed. 


79-1111 

Parameter  Identification  Applied  to  Analytic  Hinge- 
leas  Rotor  Modeling 

D.  Banerjee,  S.T.  Crews,  and  K.H.  Hohenemser 
Hughes  Helicopters.  Culver  City,  CA,  J.  Amer.  Heli- 
copter Soc.,  24  (1),  pp  26-32  (Jan  1979)  12  figs, 
3 tables,  15  refs 

Key  Words:  Parameter  identification  technique,  Transient 
response.  Helicopter  rotors.  Mathematical  models 


79-1112 

Noise  Zoning  Around  Airport*  in  the  Federal  Repub- 
lic of  Germany  According  to  the  Air  Traffic  Noise 
Act 

A.O.  Vogel 

Federal  Ministry  of  the  Interior,  Bonn,  Federal 
Rep.  of  Germany,  Noise  Control  Engr.,  12.  ( 1 ),  pp  20- 
21  (Jan-Feb  1979)  6 refs 

Key  Words:  Aircraft  noise.  Regulations 

The  Air  Traffic  Noise  Act  provides  protection  from  aircraft 
noise  and  calls  for  the  establishment  of  noise  protection 
areas  around  airports.  Each  of  the  areas  is  divided  into  two 
zones  according  to  the  level  of  noise  exposure.  Statutory 
decrees  for  noise  protection  areas  are  already  in  effect  for 
all  ten  commercial  airports  and  twenty-one  of  the  more 
than  thirty  military  airfields  falling  under  the  act.  The 
author  summarizes  the  background  and  developments  in  this 
legislation. 


79-1 113 

German  Federal  Regulation  for  Sound  Inmlation 
Against  Aircraft  Noise 

H.  Gummlich  and  H.  Reich 

Federal  Ministry  of  the  Interior,  Bonn,  Federal 
Rep.  of  Germany,  Noise  Control  Engr.,  12^(1),  pp  22- 
25  (Jan-Feb  1979)  1 table,  10  refs 

Key  Words:  Buildings,  Aircraft  noise.  Noise  reduction. 
Regulations 

Authorized  by  the  Air  Traffic  Noise  Act,  the  German  federal 
government  issued  the  Decree  on  Sound  ■ Insulation.  This 
decree  establishes  sound  insulation  requirements  for  buildings 
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in  the  noiee  protection  eree.  Compliance  with  theee  require- 
menu  is  e condition  for  obtaining  e building  permit  for  new 
buildings  end  for  receiving  reimbursement  for  sound  insuie- 
tion  modificetions  in  existing  buildings.  The  mein  lectures 
of  the  decree  ere  described  with  en  estimate  of  the  noise  level 
reduction  inside  buildings  meeting  the  requirements. 


79-1114 

A Review  of  Worldwide  Automotive  Noiee  Legisla- 
tion 

D.  Morrison 

Noise  Dept.,  Ricardo  & Co.  Engineers  (1927),  Ltd., 
Noise  Control  Vib.  Isolation,  9^  (9),  pp  277-380 
(Nov  /Dec  1978)  2 figs,  6 refs 

Key  Words:  Ground  vehicles,  Motor  vehicle  noise,  Regula- 


Automotive  noise  regulatory  procedures  and  limits  are 
outlined  for  the  major  world  markets:  Europe,  the  USA  and 
Japan.  Some  of  the  events  leading  up  to  present  day  legisla- 
tion are  highlighted  and  the  current  noise  regulations  sum- 
marized for  each  of  the  three  regions.  Future  trends  are 
estimated  and  generally  expected  to  represent  a compromise 
between  technical  feasibility,  economic  considerations  and 
environmental  acceptability. 


Assessment;  Consideration  and  Adoption  of  Provisions;  and 
Assistance  to  Facilitate  Implementation.  It  can  form  the 
basis  for  the  assessment  and  implementation  of  the  tenta- 
tive seismic  design  provisions. 


SURVEYS  AND  BIBLIOGRAPHIES 


79-1116 

The  Statu*  of  Rotor  Noiae  Technology:  One  Man1* 
Opinion 

R.P.  White,  Jr. 

RASA  Div.,  Systems  Research  Labs.,  Inc.,  Dayton, 
OH,  In:  NASA  Langley  Res.  Ctr.  Helicopter  Acous- 
tics, Pt.  2,  PP  723-780  (Aug  1978)  (for  primary 
document  see  N79-10843) 

N79-10862 

Key  Words:  Rotors  (machine  elements),  Noise  generation, 
Reviews 

The  problem  of  establishing  the  state  of  the  technology  is 
approached  by  first  identifying  the  various  characteristics 
of  rotor  noise  and  then  assessing  the  state  of  technology  in 
understanding  and  predicting  the  most  important  of  these 
rotor  noise  characteristics  in  a real-world  environment. 


79-1115 

Plan  for  the  Aaseaament  and  Implementation  of 
Seianic  Design  Provisions  for  Buildings 

C.C.  Culver,  R.E.  Chapman,  P.W.Cooke,  B.R.  Elling- 
wood,  and  S.G.  Fattal 

Center  for  Building  Tech.,  National  Engrg.  Lab. 
(NBS),  Washington,  D.C.,  Rept.  No.  NBSIR-78-1 549, 
31  pp  (Oct  1978) 

PB-288  762/8GA 

Key  Words:  Earthquake  resistant  structures,  Seismic  design. 
Buildings,  Standards  and  codes 

This  plan  deals  with  the  assessment  and  implementation  of 
tentative  seismic  design  provisions  developed  by  the  Applied 
Technology  Council  as  part  of  the  Cooperative  Federal 
Program  in  Building  Practices  for  Disaster  Mitigation  of  the 
National  Science  Foundation  and  the  National  Bureau  of 
Standards.  The  plan  was  prepared  based  on  comments 
received  from  a broad  mectrum  of  representatives  of  the 
building  community.  The  plan  includes  four  phases:  Review 
and  Refine  Tentative  Provisions;  Trial  Designs  and  Impact 


79-1117 

Structural  Optimization  Under  Shock  and  Vibration 
Environment 

S.S.  Rao 

Dept,  of  Mech.  Engrg. , Indian  Inst,  of  Tech.,  Kanpur- 
208016,  India,  Shock  Vib.  Dig.,  U (2),  pp  3-12 
(Feb  1979)  67  refs 

Key  Words:  Reviews,  Optimization,  Natural  frequencies. 
Flutter,  Chatter 

Structural  optimization  problems  are  classified  according 
to  major  constraint  - e.g.,  natural  frequency,  flutter,  dy- 
namic response,  and  chatter  stability.  Each  class  is  discussed. 
Approximate  analysis  techniques  and  some  recent  work  on 
optimization  methods,  as  applied  to  the  design  of  structures, 
are  presented.  Structural  optimization  problems  in  need 
of  further  investigation  are  summarized. 
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79-1118 

Stability  Problem*  on  Rotor  Sy«tem* 

T.  Iwatsubo 

Faculty  of  Engrg.,  Kobe  University,  Rokko  Nada 
Kobe  657,  Japan,  Shock  Vib.  Dig.,  U (3),  pp  17-26 
(Mar  1979)  3 figs,  1 table,  26  refs 
• l” 

Key  Words:  Reviews,  Self-excited  vibrations.  Rotating 
structures 

This  article  reviews  self-excited  leteral  vibrations  that  cause 
instability  of  rotating  machinery.  The  following  causes  of 
instability  are  described:  internal  damping,  dry  friction, 
journal  bearing  (oil  whip),  fluid  forces,  ball  bearings,  univer- 
sal joint,  and  asymmetric  factors. 


79-1119 

Analyse  Techniques  of  Experimental  Frequency 
Reaponae  Data 

M.  Rades 

Polytechnic  Inst.,  Bucharest,  Romania,  Shock  Vib. 
Dig.,  H (2),  pp  15-24  (Feb  1979)  84  refs 

Key  Words:  Reviews,  Frequency  response  method 

A review  is  given  of  techniques  for  frequency-domain  post 
test  analysis  of  vibration  data.  Emphasis  is  on  procedures 
for  curve  fitting  algebraic  expressions  of  transfer  functions 
to  experimentally  measured  frequency  response  data  for 
systems  with  nonproportional  damping  and/or  closely  spaced 
modes. 


79-1120 

A Review  of  Approximate  Methods  for  Determining 
the  Vibrational  Modes  of  Membrane* 

J.  Mazumdar 

Dept,  of  Appl.  Mathematics,  The  Univ.  of  Adelaide, 
South  Australia,  Shock  Vib.  Dig.,  H (2),  pp  25-29 
(Feb  1979)  36  refs 

Key  Words:  Reviews,  Membranes 

This  review  is  a follow-up  of  an  earlier  review  of  approximate 
methods  for  determining  vibrational  modes  of  membranes 
published  in  1975.  The  earlier  review  described  the  world 
literature  from  the  time  of  Chladni  (1802)  until  the  end  of 
1974.  The  present  review  is  restricted  to  the  period  from 
1975  to  date. 


79-1121 

Dynamic  Snap-Through  of  Shallow  Arches  and 
Spherical  Cap* 

S.M.  Holzer 

Dept,  of  Civil  Engrg.,  Virginia  Polytechnic  Inst,  and 
State  Univ.,  Blacksburg,  VA  24061,  Shock  Vib.  Dig., 
1J  (3).  PP  3-6  (Mar  1979)  23  refs 

Key  Words:  Reviews,  Arches,  Spherical  shells.  Snap-through 
problems 

This  article  reviews  the  current  literature  on  effects  of  asym- 
metric perturbation  and  the  spatial  distribution  of  the  load 
on  dynamic  snap-through  of  shallow  arches  and  spherical 
caps. 


79-1122 

A Survey  of  Finite  Elesnent-Related  Techniques  as 
Applied  to  Acoustic  Propagation  in  the  Ocean.  Part 
1:  Finite  Element  Method  and  Related  Techniques 

A.J.  Kalinowski 

Naval  Underwater  Systems  Ctr.,  New  London,  CT 
06303.  Shock  Vib.  Dig.,  n (3),  pp  9-16  (Mar  1979) 
1 fig,  59  refs 

Key  Words:  Reviews,  Underwater  sound.  Finite  element 
technique 

This  two  part  article  deals  with  finite  element-related  tech- 
niques applied  to  acoustic  propagation  in  the  ocean.  Meth- 
ods for  modeling  and  simulation  of  boundary  conditions 
are  discussed  including  the  related  Boundary  Solution  Meth- 
od and  the  Boundary  Integral  Method  in  Part  1 and  trans- 
parent boundary  simulation  techniques  in  Part  2. 


MODAL  ANALYSIS  AND  SYNTHESIS 


79-1123 

A Substructure  Technique  for  Nonlinear  Static  and 
Dynamic  Analyst* 

D.G.Rowand  G.H.  Powell 

Earthquake  Engrg.  Research  Ctr.,  California  Univ., 
Richmond,  CA,  Rept.  No.  UCB/EERC-78/15,  NSF/ 
RA-780290, 204  pp  (Aug  1978) 

PB-288  077/IGA 
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Kay  Word*  Component  mod*  synthesis,  Building  block 
approach 

In  this  Mudy  a building  block  procadura  for  structural 
daacriptlon  It  presented  which  Ii  a generalisation  of  itandard 
Unit*  alamant  asaambly.  Th*  relation  of  each  actual  suhstruc- 
tura  to  th*  complat*  itructur*  Ii  mapped  through  a connac- 
thrlty  traa.  Thl»  traa  provklas  th*  bail*  for  data  management 
and  Implementation  of  a lyitamattc  analytii  procadura.  Th* 
tachnlqu*  It  formulated  for  nonlinear  italic  and  dynamic 
ttap-by-atap  analysis.  Procaduras  for  th*  direct  solution  of 
linear  algebraic  aquations  are  reviewed  and  a Cholasky  baaed 
algorithm  is  prasantad  which  minlmlaas  th*  computational 
effort  at  each  step.  Th*  substructure  tachnlqu*  Is  Imple- 
mented for  nonlinear  static  analysis.  Th*  flexibility  and 
efficiency  of  th*  tachnlqu*  ar*  Illustrated  by  performing 
substructure  and  conventional  analyses  on  example  struc- 
tures. 


79-1124 

A Substructure  Technique  for  Nonlinear  Static  and 
Dynamic  Analysis 

D G Row 

Ph  D Thesis,  Univ  of  California,  Berkeley,  191  pp 
(19781 

DM  7904588 

Kay  Words:  Component  mod*  synthesis,  Building  block 
approach 

In  this  study  a building  block  procedure  tor  structural 
description  Is  prasantad  which  is  a generalisation  of  standard 
finite  alamant  assembly.  Th*  relation  of  each  actual  substruc- 
ture to  tha  complat*  structure  Is  mapped  through  a connec- 
tivity traa.  This  traa  provides  th*  basis  for  data  management 
end  Implementation  of  a systematic  analysis  procadura.  Th* 
tachnlqu*  1s  formulated  for  nonlinear  static  and  dynamic 
step-by-step  analysis.  Procaduras  for  th*  direct  solution  of 
linear  algebraic  aquations  ar*  reviewed  and  a Cholasky 
based  algorithm  is  prasantad  which  minimises  th*  computa- 
tional effort  at  each  step.  Th*  substructure  tachnlqu*  1s 
Implemented  for  nonlinear  static  analysis.  Th*  flexibility 
and  efficiency  of  th*  tachnlqu*  ar*  Illustrated  by  performing 
substructure  and  conventional  analyses  on  example  struc- 
ture*. 


79-1125 

Measurement  of  Modal  Data  and  the  Application  to 
the  Reduction  of  Radiated  Noiae 

R S.  Reed,  Jr. 


Ph.D.  Thesis,  Univ.  ot  Maryland,  164  pp  (19/8) 
UM  79054b9 

Key  Words:  Modal  analysis.  Nois*  reduction 

Modal  extraction  techniques  ar*  prasantad  with  methods 
which  th*  author  has  developed  to  Improve  their  a ft  active 
nass.  This  thesis  uses  the  more  generalised  slat*  variable 
approach,  which  wolds  soma  difficulties  In  the  lumped 
parameter  approach.  Th*  general  slat*  variable  model  of  a 
vibrating  structure  and  th*  associated  radiated  nois*  1s 
derived.  Measurement  and  analysis  techniques  are  presented 
which  allow  th*  experimental  determination  of  a specific 
modal  of  a realistic  structure  which  It  vibrating  and  radiating 
noise  In  a natural  environment.  A tachnlqu*  for  Isolation  of 
eigenvalues  It  developed  and  demonstrated.  State  variable 
techniques  ar*  used  to  predict  tha  affects  of  matt,  stiffness, 
and  damping  modif  icationt  on  tha  vibrations  of  tha  structure 
and  associated  nois*. 


COMPUTER  PROGRAMS 


GENERAL 

(Alto  toe  No.  1 1421 


79-1 126 

Collateral  Air  Blast  Damage 

J.R  Rempel  and  C.K.  Wiehle 

SRI  International,  Menlo  Park.  CA,  Rept  No  UNA 

4609Z,  AD  E300  349,  103  pp  (Apr  1978) 

AD-A060  798/6GA 

Kay  Words:  Computer  programs.  Nuclear  explosions.  Air 
blast,  Damage  prediction,  Buildings,  Structural  members. 
Walls,  Floors 

SRI  International  hat  bean  participating  In  a program  to 
develop  a collateral  damage  methodology  for  evaluating  ait 
blast  damage  to  existing  structures  that  would  result  from  th* 
use  of  tactical  nuclear  weapons  In  small  towns  and  villages 
located  in  Western  Europe.  To  Increase  th*  applicability  of 
th*  SRI  structural  alamant  computer  programs  for  collateral 
damage  predictions,  a building  subsystem  program  is  daval 
opad.  Th*  program,  BRACOB  (Blast  Response  and  Collapse 
of  Buildings),  simultaneously  analyses  th*  response  ot  all 
exterior  walls  on  on*  story  laval  of  a building.  Th*  program 
calculates  th*  separata  responses  of  exterior  unrainforcad 
masonry  walls  to  an  air  blast  that  sweeps  over  the  building 
at  normal  incidence.  Three  kinds  of  Input  ar*  raqulmd:  air 
blast  description  (eg.,  peak  fraa-flald  overpressure,  weapon 
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yield,  and  ambient  conditions),  floor  plan  information 
and  mail  structural  properties  leg..  density,  flexural  strength, 
and  in-plane  vertical  load). 


79*1 127 

The  Underwater  Shock  Analysis  (USA)  Code,  A 
Reference  Manual 

J A DeRunu,  T.L  Gears,  and  C A Felippa 
Palo  Alto  Res.  Lab  . Lockheed  Missiles  and  Space 
Co  , Inc..  Palo  Alto.  CA,  Rept  No  LMSC/D624328. 
DNA4524F.  AD-E300  369.  142  pp  (Feb  28.  19/8) 
AD  A061  443/8GA 

Key  Words:  Computer  programs.  Submerged  structures. 
Underwater  structures.  Shock  waves.  Blast  effects 

This  report  constitutes  a reference  manual  lor  the  Under- 
water Shock  Analysis  (USA)  Code,  a computer  program  tor 
calculation  ot  the  transient  response  of  a submerged  struc- 
ture to  a spherical  shock  wave  of  arbitrary  pressure  profile 
and  source  location.  The  code  considers  the  structure  to  be 
Irneer-elartic  and  treats  the  surrounding  fluid  as  an  infinite 
acoustic  medium.  A discrete-element  (finite-element,  finite- 
difference)  computational  model  is  used  for  the  structure, 
while  the  computational  model  for  the  fluid  is  based  upon 
the  Doubly  Asymptotic  Approximation. 


ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos.  1 1 12.  1 1 13,  1 122.  1 147.  1 148,  1 16b, 
1173,  1217,  1248.  1252) 


79-1128 

Evaluation  of  the  Relative  Importance  of  Circum- 
ferential or  Creeping  Wavea  in  the  Acouatic  Scatter- 
ing from  Rigid  and  Elastic  Solid  Cylinder!  and  from 
Cylindrical  Sheila 

l.R  Dragonette 

Naval  Research  Lab..  Washington,  DC.,  Rept.  No. 
NRL  8216,  68  pp  (Sept  22,  1978) 

AD- AO 60  836/4GA 

Kay  Words:  Acoustic  scattering.  Cylindrical  shells,  Finite 
element  technique 


The  relationship  is  determined  between  predicted  clrcum- 
ferenttel  waves  on  cylinders  and  the  normal  mode  series 
solution  tor  the  acoustic  scattering  by  submerged  metal 
cylinders. 


79-1129 

Excitation  of  Nonlinear  Acoustic  Resonances  by  Un- 
steady Heat  Input 

D S.  Whitehead  and  D K.  Holger 
Dept,  of  Engrg.,  Univ  of  Cambridge,  Cambridge, 
CB2  1PZ,  UK.  J.  Acoust.  Sue.  Amer  . 65  (2),  pp  324 
335  (Feb  1979)  14  figs,  18  rets 

Key  Words:  Acoustic  resonence.  Thermal  excitation 

Experiments  are  carried  out  on  a cylindrical  cavity  containing 
hydrogen,  tha  unsteady  heat  input  being  supplied  by  a 
modulated  electric  arc.  A nonlinear  acoustic  theory  is  ex- 
tended to  deal  with  unsteady  heat  input.  An  approximate 
theoretical  criterion  for  the  appearance  of  shock  waves  is 
derived. 


79-1130 

Noise  Trannnission  Through  Flat  Rectangular  Panels 
into  a Closed  Cavity 

C.K.  Barton  and  E.F.  Daniels 

NASA  Langley  Res.  Center,  Flampton,  VA,  Rept.  No 

NASA- TP-1321;  L 12439.  29  pp  (Dec  1978) 

N79  14874 

Key  Words:  Panel-cavity  response,  Sound  transmission 

Five  panels  backed  by  a closed  cavity  are  studied  experi- 
mentally and  analytically  to  determine  the  noise  transmission 
characteristics  of  the  coupled  panel-cavity  system.  The 
closed  cavity  is  studied  both  with  and  without  fiberglass 
lining  to  provide  either  an  absorbent  or  a reverberant  acoustic 
space.  The  effects  on  noise  reduction  of  cavity  absorption, 
measurement  location  within  the  cavity,  panel  mats,  and 
panel  stiffness  are  examined.  A simple,  one-dtmensioosi 
analytical  model  is  developed  which  provides  good  agree- 
ment with  the  experimental  results. 


79-1131 

Engineering  Methods  for  Measuring  and  Computing 
the  Acoustical  Transmission  of  Machine  Structures 
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W.  Schirmer 

Central  Inst  of  Occupational  Safety,  Gerhart  Haupt 
mann-Str.  1,  8020  Dresden,  German  Democratic 
Republic,  Noise  Control  Engr.,  12^  (1).  pp  31-37 
(Jan  Feb  1979)  9 figs,  8 refs 

Kay  Words:  Sound  transmission,  Machinary  noisa,  Meesure- 
mant  techniques.  Measuring  instruments 

A simple  device  for  measuring  the  acoustical  transmission 
in  machine  structures  such  as  frames  or  casings  is  described. 
The  measured  results  are  compared  with  computed  results. 
In  addition,  well-known  methods  of  computation  are  ex- 
tended by  an  engineering  method  for  the  computation  of 
the  radiation  ratio  of  machine  parts,  in  particular  by  relating 
their  characteristics  to  those  of  a monopole  or  dipole. 


79-1132 

Measurement  of  Fundamental  and  Second  Harmonic 
P re  Mures  in  the  Field  of  a Circular  Piston  Source 

M B.  Moffett 

New  London  Lab.,  Naval  Underwater  Systems  Ctr., 
New  London,  CT  06320,  J.  Acoust.  Soc.  Amer., 
65  (2),  pp  318-323  (Feb  1979)  6 figs,  35  refs 

Kay  Words:  Underwater  sound,  Harmonic  mponse.  Ex- 
perimental data 

Measurements  are  made  at  various  ranges  between  1 and 
131  m of  tha  fundamental  and  second  harmonic  components 
of  a finite-amplitude  sound  wave  produced  by  a 10.2-cm 
diem  projector  driven  at  450  kHz  in  frash  water.  Various 
levels  are  used  so  that  nonsaturated  as  wall  as  saturated 
conditions  are  obtained. 


79-1133 

A Study  of  the  Effecta  of  Ocean  Bottom  Roughness 
on  Low-Frequency  Sound  Propagation 

S.R.  Rutherford,  K.E.  Hawker,  and  S.G.  Payne 
Applied  Research  Labs.,  Univ.  of  Texas  at  Austin, 
TX  78712,  J.  Acoust.  Soc.  Amer.,  65  (2),  pp  381- 
386  (Feb  1979)  7 figs,  1 table,  16  refs 

Key  Words:  Sound  propagation.  Underwater  sound 

Tha  affects  of  bottom  (water-tedimant  interface)  roughness 
on  low-frequency  sound  propegation  is  examined  using 
a theory  of  scattering  besed  on  boundary  conditions  applied 


et  the  meen  boundary  Boundary  roughness  effects  on 
normal  mode  ettenuetion  coefficients  ere  examined  for  two 
sediment  types  and  two  frequencies. 


79-1134 

Mathematical  Modelling  of  Textile  Weave  Room 
Sound  Propagation 

H.D.  Eckhardt 

Rockwell  Draper  Inc.,  Hopedale,  MA  01747,  J.  Engr 
Indus..  Trans.  ASME.  101  (1),  pp  09-72  (Feb  1979) 
4 figs,  5 refs 

Key  Words:  Textile  looms.  Noise  prediction 

This  paper  describes  a weave  room  sound  level  prediction 
technique  which  involves  the  use  of  ray  tracing  end  super- 
position computer  programs  whose  validity  has  been  verified 
by  comparison  with  measured  data. 


PERIODIC 

(Also  see  No.  1107) 


79-1135 

Amplitude  Modulation  of  a Forced  Syatem  by 
Parameter  V ariation 

K.  Eisinger  and  H.C.  Merchant 
Marine  Systems,  The  Boeing  Co.,  P.O.  Box  3707, 
MS  61-35,  Seattle,  WA  98124,  J.  Appl.  Mech.,  Trans 
ASME,  46  (1 ),  pp  191-196  (Mar  1979)  9 figs,  1 table, 
7 refs 

Key  Words:  Parameter  amplification 

Classical  (primary)  parametric  amplification  is  reviewed. 
A high-order  phenomenon  that  is  identified  as  secondary 
parametric  amplification  (or  attenuation),  is  discussed 
In  detail  and  solutions  related  to  Mathieu's  equation  are 
presented. 


79-1136 

Clamped  Beam  Parametric  Amplifier 

K.  Eisinger  and  H.C.  Merchant 

Marine  Systems,  The  Boeing  Co.,  P.O.  Box  3707, 
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MS  61-35,  Seattle,  WA  98124,  J.  Appl.  Mech..  Trans. 
ASME,  46  (1),  pp  197-202  (Mar  1979)  9 figs,  4 refs 

Key  Words.  Parameter  amplification.  Clamped  beami.  Har- 
monic excitation.  Flexural  excitation 

Parametric  emplificetion  of  the  transverse  motion  of  e uni- 
form, clemped  beam  with  a center  man  it  investigated.  The 
system  inputs  are  a transverse  harmonic  motion  and  a com- 
pressive load  (with  harmonic  and  static  components)  applied 
at  the  beam  supports.  Secondary  parametric  amplification 
it  considered  by  the  application  of  and -loads  at  frequencies 
near  the  system  characteristic  frequency  and  transverse  sup- 
port motions  at  frequencies  much  lower  than  the  characteris- 
tic frequency.  An  example  of  an  inertial  tenting  element  for 
a gravimeter  is  presented. 


RANDOM 


79-1137 

Some  Observations  on  the  Random  Response  of 
Linear  and  Nonlinear  Dynamical  Systems 

A.B.  Mason 

Ph.D.  Thesis,  California  Inst,  of  Tech.,  127  pp  (1978) 
U M 7906212 

Key  Words:  Dynamic  systems.  Nonlinear  systems.  Linear 
systems.  Random  response 

In  this  thesis,  two  problems  are  investigated  which  com- 
monly arise  in  the  study  of  the  response  of  randomly  ex- 
cited discrete  dynamical  systems.  First  it  the  problem  of 
obtaining  the  nonstationary  stochastic  response  of  a nonlin- 
ear system  subject  to  deterministically  modulated  stationary 
Gaussian  random  excitation.  An  extension  of  the  generalized 
method  of  equivalent  linearization  is  used  to  obtain  an  ap- 
proximation to  this  response.  The  accuracy  of  this  approxi- 
mate technique  it  investigated  by  means  of  Monte  Carlo 
simulation.  Secondly  it  the  first  passage  problem  for  the 
stationary  response  of  a lightly  damped  linear  oscillator 
excited  by  white  noise.  A method  it  developed  to  generate 
approximate  values  for  the  limiting  decay  rate  of  the  corre- 
sponding first  passage  probability  density.  This  method  is 
extended  to  that  an  approximate  first  passage  probability 
distribution  may  be  calculated  when  the  oscillator  re  fronts 
is  nonstationary.  The  accuracy  of  this  approximate  dis- 
tribution is  examined. 


79-1138 

Hyateretic  Structural  Vibrations  Under  Random 
Load 


P.-T.D.  Spanos 

Dept,  of  Aerospace  Engrg.  and  Engrg.  Mechanics, 
Univ.  of  Texas,  Austin,  TX  78712,  J.  Acoust.  Soc. 
A mer.,  65  (2).  pp  404-410  (Feb  1979)  6 figs,  1 table, 
28  refs 

Kay  Words:  Random  response,  Hytteretic  damping 

The  nonttationary  and  stationary  response  of  a lightly 
damped  hytteretic  structural  system  to  white  random  load 
are  considered.  The  hytteretic  behavior  it  examined  by  using 
a modal  consisting  of  an  infinite  collection  of  elastoplattic 
elements,  the  yield  loodt  of  which  era  probabilistically 
mecified.  An  equivalent  linear  system  it  constructed  for  the 
original  hytteretic  system.  This  system  is  used  to  obtain 
approximate  solutions  for  the  statistics  of  the  response 
amplitude.  The  analytical  results  are  used  to  perform  a 
variety  of  parameter  studies. 


SEISMIC 

(Also  see  Nos.  1199.  1200,  1204,  1216,  1230,  1231, 
1232,  1233,  1234,  1235,  12381 


79-1139 

Seismic  Earth  Pressures  on  Embedded  Structures 

C.  Tsai 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  139  pp 
(1978) 

UM  7904634 

Key  Words:  Interaction:  soil-structure.  Seismic  response 

An  analytical  procedure  for  the  determination  of  seismic 
responses  of  a soil-structure  system  at  wall  as  the  evaluation 
of  seismic  earth  pressures  on  the  embedded  structures  it 
presented.  This  procedure  utilizes  the  finite  element  ap- 
proach which  not  only  Includes  the  use  of  viscous  boundary 
for  approximate  three-dimensional  simulation  but  alto 
replaces  the  layered  toils  connected  to  both  ends  of  the  finite 
element  model  by  the  transmitting  boundaries.  Three  dif- 
ferent soil-structure  systems  with  one  or  more  structures  are 
studied  by  using  this  procedure. 


79-1140 

Determining  Model*  of  Structure*  from  Earthquake 
Record* 

J.L.  Beck 
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I 


Earthquake  Engrg.  Research  Lab.,  California  Inst,  of 
Tech.,  Pasadena,  CA,  Rept.  No.  EERL-78-01, 309  pp 
(June  1978) 

PB-288  806/3GA 

Kay  Words:  System  identification  technique.  Seismic  re- 
sponse, Modal  minimization  method.  Buildings 

The  problem  of  determining  linear  models  of  structures  from 
seismic  response  data  is  studied  using  ideas  from  the  theory 
of  system  identification.  The  investigation  employs  a general 
formulation  called  the  output-error  approach,  in  which  opti- 
mal estimates  of  the  model  parameters  are  obtained  by 
minimizing  a selected  measure-of-fit  between  the  responses 
of  the  structure  and  the  model.  Two  output-error  techniques 
are  investigated.  A new  technique,  called  the  modal  minimi- 
zation method,  is  developed.  The  modal  minimization 
method  it  applied  to  two  multi-story  buildings  that  ex- 
perienced the  1971  San  Fernando  earthquake.  The  time- 
varying  character  of  the  equivalent  linear  parameters  is  also 
studied  for  both  buildings. 


79-1141 

Earthquake  Response  of  Inelastic  Structural  Systems 

O.A.  Lopez 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  89  pp 
(1978) 

UM  7904527 

Key  Words:  Earthquake  response.  Seismic  response.  Single 
degree  of  freedom  systems.  Buildings,  Mathematical  models 

This  study  of  response  of  simple  structural  systems  to  earth- 
quake ground  motion  it  presented  in  two  parts:  The  response 
of  linear  elastic  and  nonlinear  hytteretic  systems  having  a 
single  degree  of  freedom  to  recorded  and  simulated  ground 
motions  is  studied.  The  objective  is  to  evaluate  whether  the 
commonly  used  simulated  motions  are  appropriate  for 
predicting  inelastic  response  of  structures  end  elastic  response 
of  long  period  structures.  In  part  two,  the  response  of  ideal- 
ized one-story  structural  systems  to  earthquake  ground  mo- 
tion is  computed  with  the  objective  of  evaluating  the  effects 
of  gravity  loads  and  vertical  ground  motions. 


79-1142 

A Rational  Approach  to  Damage  Mitigation  in  Exist- 
ing Structures  Exposed  to  Earthquakes 

Earthquake  Engrg.  Systems,  Inc.,  San  Francisco,  CA, 
Rept.  No.  NSF/RA-780299,  95  pp  (May  1978) 
PB-288  366/OGA 


Kay  Words:  Earthquake  resistant  structures.  Damage  pre- 
diction, Structural  members.  Computer  programs 

This  study  examines  the  feasibility  of  developing  a rational 
decision  analysis  methodology  to  be  used  by  building  owners 
and  managers  at  well  at  the  financial  and  insurance  indus- 
tries in  the  evaluation  of  possible  modification  schemes 
for  existing  buildings  exposed  to  s predicted  earthquake. 
Available  procedures  to  determine  the  expected  earthquake 
hazard  at  a given  site  are  studied,  and  a methodology  to 
apply  the  results  of  these  procedures  to  the  decision-making 
process  it  presented.  A procedure  to  calculate  the  damages 
to  various  components  of  a building  due  to  different  levels 
of  ground  shaking  it  developed.  A computer  program,  DAM- 
STAT,  is  developed  to  automate  the  calculation  steps  for 
the  proposed  methodology.  A description,  listing,  and 
application  of  this  computer  program  it  presented. 


SHOCK 

(Also  see  Nos.  1127,  1239) 


79-1143 

Child  Restraint  Systems  Testing.  Appendix 

A.R.  Bayer,  Jr.  and  B.S.  Peterson 
Engrg.  Test  Facility,  National  Highway  Traffic 
Safety  Admin.,  East  Liberty.  OH,  Rept.  No.  DOT/ 
HS-803  409,  250  pp  (May  1978) 

PB-288  262/9 G A 

Key  Words:  Seat  belts.  Collision  research  (automotive). 
Experimental  data 

Headform  impact  tests  and  sled  tests  are  conducted  on  child 
restraint  systems,  designed  for  use  in  motor  vehicles,  to 
evaluate  their  safety  performance  characteristics. 


79-1144 

Theoretical  Investigation  of  Loads  on  Buried  Struc- 
tures. Volume  1.  Results  of  Discussion 

R.R.  Robinson 

I IT  Research  Inst.  Chicago,  IL,  Rept.  No.  IITRI- 
J6378-VOL-1,  AFWL-TR-78-6-VOL-1,  234  pp  (Aug 
1978) 

AD-A061  464/4GA 

Key  Words:  Nuclear  explosion  effects.  Simulation,  Under- 
ground structures.  Cylinders,  Finite  element  technique 


The  objective  of  thit  project  it  to  develop  limplified  tech- 
nique! for  determining  loedt  on  buried  structures  of  cylin- 
dricel  geometry  subjected  to  severe  dynemic  eirblest  loed 
environments.  The  dete  forming  the  basis  for  these  design 
loads  are  derived  from  numericel,  finite  element  enalyses 
for  e wide  renge  of  loading,  soil,  and  structural  parameters. 


79-1145 

Theoretical  Investigation  of  Loads  on  Buried  Struc- 
tures. Volume  II.  Tallies  and  Plots 

R R Robinson 

I IT  Research  Inst.,  Chicago,  IL,  Rept.  No.  IITRI- 
J6378-VOL-2,  AFWL-TR-78-6-VOL-2.  596  pp  (Aug 
1978) 

AD-A061  465/IGA 

Key  Words:  Nuclear  explosion  effects,  Simulation,  Under- 
ground structures.  Cylinders.  Finite  element  technique 

The  objective  of  this  project  is  to  develop  simplified  tech- 
niques for  determining  loads  on  buried  structures  of  cylin- 
drical geometry  subjected  to  severe  dynamic  airblast  load 
environments.  The  data  forming  the  basis  for  these  design 
loads  are  derived  from  numerical,  finite  element  analyses 
for  a wide  range  of  loading,  soil,  and  structural  parameters. 


79-1146 

Analysis  of  Two  Decoupled  Explosion  Simulations 

T.C  Bache  and  J.F.  Masso 

Systems  Science  and  Software,  La  Jolla,  CA,  Rept. 
No.  SSS-R-78-3627,  51  pp  (Apr  1978) 

AD-A061  006/3GA 

Key  Words:  Nuclear  explosion  effects.  Simulation,  Ground 
motion 

Two  axisymmetric  ground  motion  calculations  are  carried 
out  by  the  applied  theory,  incorporated  to  simulate  25  kt 
decoupled  nuclear  explosions  in  mined  cavities  in  salt. 
One  cavity  it  spherical  with  a radius  of  66  maters  while  the 
other  is  a 3/1  aspect  ratio  ellipsoid  of  revolution.  Both  have 
the  same  volume.  Results  of  the  two  calculations  are  ana- 
lyzed to  determine  the  character  of  the  teleteitmic  body  and 
surface  waves. 


TRANSPORTATION 

(Also  see  No.  1254) 


79-1147 

Controlling  Road  Traffic  Noiae 

P.M.  Nelson 

Environment  Div.,  Transport  and  Road  Res.  Lab., 
Noise  Control  Vib.  Isolation,  £ (9),  pp  363-367 
(Nov/Dec  1978)  1 fig,  3 tables,  23  refs 

Kay  Words:  Motor  vehicla  noisa.  Traffic  noiaa,  Noise  reduc- 
tion 

This  article  reviews  the  progress  that  hat  been  made  towards 
the  development  of  procedures  to  control  and  reduce  vehicla 
and  traffic  noisa  for  existing  and  short  term  development 
and  for  long  term  planning.  The  role  of  research  carried 
out  at  the  Transport  and  Road  Research  Laboratory  in 
determining  suitable  strategies  it  illustrated. 


79-1148 

Recent  Developments  in  Heavy  Commercial  Vehicle 
Cab  Noise 

R.P.  Lewis  and  J.F.  Collins 

Noise  Control  Vib.  Isolation.  9 (9),  p 383  (Nov/ 
Dec  1978) 

Key  Words:  Commercial  transportation.  Trucks,  Noise 
reduction 

Thit  article  it  concerned  with  the  application  of  well  proven 
techniques  to  the  reduction  of  cab  noise  to  a level  which  at 
least  equals  that  in  other  vehicles  with  a reputation  for  low 
noisa  lavels. 


PHENOMENOLOGY 


DAMPING 

(Also  see  Nos.  1135.  1136) 


79-1149 

Experimental  Determination  of  Linear  Damping  Co- 
efficients in  Elastic  Structures  with  Geometric 
Nonlinearity 
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G.  Maymon 

School  of  Aerospace  Engrg.,  Georgia  Inst,  of  Tech., 
Atlanta,  GA  30332.  Israel  J.  Tech.,  16  (1&2),  pp  64- 
69  (1978)  5 figs.  9 refs 

Key  Word*:  Elastic  madia.  Damping  coafficiants.  Periodic 
axcitation 

A new  formulation  for  tha  damping  coafficiant  of  a non- 
linaar  a I at  tic  *yttam  it  presented.  Tha  formulation  which  it 
batad  on  tha  Duffing  aquation  points  out  thrae  mathodt  by 
which  axparimantal  determination  of  tha  damping  coaf- 
ficiant by  steady  state  excitation  can  be  achieved.  Basically, 
theta  methods  are  batad  on  the  measurements  of  the  jump 
points  of  tha  response  curve  of  the  system.  Test  results 
which  are  batad  on  tha  outline  methods  are  presented  and 
compared  with  transient  test  results. 


79-1150 

Viecous  Damper  Qualification  on  Dieael  Locomotive 
Engines  - A Case  History 

H.  Hershkowitz 

Applications  Engrg.,  Scientific-Atlanta,  Inc.,  Noise 
Control  Vib.  Isolation,  10  (1),  pp  15-19  (Jan  1979) 
8 figs,  4 refs 

Key  Words:  Viscous  damping,  Diesel  engines 

This  paper  presents  some  results  of  a study  in  measuring  the 
performance  characteristics  of  viscous  vibration  dampers  that 
are  used  on  diesel  locomotive  engines.  The  objective  of 
this  study  it  to  develop  a method  for  determining  the  quality 
of  dampers  in  an  operating  environment  on  the  engine. 


ELASTIC 


79-1151 

Dynamical  Response  of  an  Infinite  Elastic  Medium 
to  Axisymmetric  Lineloads  in  a Cylindrical  Cavity 

A.P.  Jensen 

Ph.D.  Thesis,  Stanford  Univ.,  108  pp  (1978) 

UM  7905878 

Key  Words:  Elastic  madia.  Cavity-containing  madia,  Dy- 
namic response 

This  study  of  the  disturb* neat  in  an  extended  isotropic, 
homogeneous,  and  linaar  elastic  medium  with  a cylindrical 


cavity  aseumat  an  axisymmetric  linaload  which  varies  in 
tim*  lik*  a Haavltide  step-function.  With  this  formulation  a 
broad  clast  of  problems  it  covered;  both  tha  static  Flament't 
problem.  Lamb's  problem  when  tha  radius  of  the  hoi*  goat 
to  infinity,  and  alto  tha  cat*  with  an  arbitrary  load  varying 
along  the  axis.  Tha  general  problem  It  formulated  and  a 
formal  solution  in  form  of  double  transforms  of  the  dis- 
placements it  obtained.  The  long-time  static  cat*  and  the 
cat*  of  infinite  radius,  the  first  order  approximation  to  tur- 
faca  waves  it  obtained  on  integral  form.  Tha  integration  it 
parformad  numerically. 


79-1152 

Harmonic  Wave  Propagation  in  a Periodically  Layer- 
ed, Infinite  Elastic  Body;  Plane  Strain,  Analytical 
Reaulta 

T.J.  Delph.G.  Herrmann,  and  R.K.  Kaul 
Div.  of  Appl.  Mech.,  Dept,  of  Mech.  Engrg.,  Stan- 
ford Univ.,  Stanford,  CA  94305,  J.  Appl.  Mech., 
Trans.  ASME,  46  (1),  pp  113-119  (Mar  1979)  4 figs, 
1 1 refs 

Kay  Words:  Wave  propagation,  Elastic  madia 

The  problem  of  harmonic  wav*  propagation  in  an  unbound- 
ed, periodically  layered  elastic  body  in  a state  of  plane  strain 
is  examined.  The  asymptotic  behavior  of  the  spectrum  for 
large  values  of  the  wave  numbers  is  investigated. 


FLUID 

(Also  see  Nos.  1 184,  1 185,  1 192) 


79-1153 

Large-Amplitude  Tranaient  Motion  of  Two-Dimen- 
sional Floating  Bodies 

R.B.  Chapman 

David  W.  Taylor  Naval  Ship  Res.  and  Dev.  Center, 
Bethesda,  MD,  J.  Ship  Res.,  23  (1),  pp  20-31  (Mar 
1979)  18  figs 

Key  Words:  Floating  bodies.  Transient  excitation.  Numeri- 
cal analysis 

A numerical  method  it  presented  for  solving  the  transient 
two-dimensional  flow  induced  by  tha  motion  of  a floating 
body.  The  flow  it  divided  into  two  parts:  the  wave  field  and 
the  impulsive  flow  required  to  satisfy  the  instantaneous  body 
boundary  condition.  The  wave  field  is  represented  by  a 
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finite  sum  of  harmonics.  Two  modes  of  body  motion  art 
discussed  - • captivs  mod*  and  a fra*  mode.  In  tha  former 
case,  tha  body  motion  is  specified,  and  in  the  latter,  it  it 
calculated  from  tha  initial  conditions  and  tha  inertial  proper- 
ties of  tha  body.  Two  examples  ar*  given  - water  entry  of 
a wedge  in  tha  captive  mode  and  motion  of  a perturbed 
floating  body  in  tha  free  mode. 


79-1154 

Scattering  of  Waves  by  Two-Dimensional  Circular 
Obstacles  in  Finite  W ater  Depths 

R.A.  Naftzgerand  S.K.  Chakrabarti 
Marine  Res.  and  Dev.,  Chicago  Bridge  & Iron  Co., 
Plainfield,  IL,  J.  Ship  Res.,  23  (1),  pp  32-42  (Mar 
1979)  14  figs.  19  refs 

Key  Words:  Water  waves.  Submerged  structures.  Cylinders, 
Boundary  value  problems 

The  wave  forces  on  a fixed  two-dimensional  object  sub- 
merged in  water  of  finite  depth  are  obtained  under  the 
assumptions  of  linear  wave  theory.  The  far-fiald  characteris- 
tics of  the  wave  interaction  with  the  object  are  also  exam- 
ined. The  boundary-value  problem  for  the  wave  potential 
is  formulated  in  terms  of  Green's  theorem,  and  the  resulting 
integral  equation  is  solved  numerically.  Results  for  a sub- 
merged and  half-submerged  circular  cylinder  and  a bottom- 
seated  half  cylinder  are  presented.  In  the  limiting  case  of 
infinite  depth  the  numerical  results  compare  quite  well  with 
known  solutions. 


79-1155 

Ac  rose- Flow  Response  Due  to  Vortex  Shedding: 
Isolated  Circular  Cylindrical  Structures  in  Wind  or 
Gas  Flows 

Engrg.  Sciences  Data  Unit,  Ltd.,  London,  UK,  Rept. 
No.  ISBN-0-85679-229-2, 59  pp  (Oct  1978) 
ESDU-78006 

Key  Words:  Cylindrical  bodies.  Vortex-induced  vibration. 
Fluid-induced  excitation 

The  purpose  of  this  item  is  to  provide  data  in  a convenient 
form  for  estimating  the  maximum  oscillation  amplitudes 
induced  by  vortex  shedding  on  flexible  structures  and  the 
critical  flow  speeds  at  which  they  occur.  This  information 
it  also  important  in  the  fatigue  analysis  of  a structure.  Only 
isolated  structures  of  circular  cross  taction  are  treated  in 
this  Data  Item. 


79-1156 

Some  Observations  of  Four  Current  Subjects  Related 
to  Aeroelsstic  Stability 

H.  Ashley 

Stanford  Univ.,  Stanford,  CA,  Israel  J.  Tech.,  16 
(1&2),  pp  3-22  (1978)  14  figs,  1 table,  63  refs 

Key  Words:  Aeroelattlcity.  Dynamic  stability.  Aircraft 
wings.  Wind  turbines 

A table  is  presented  summarizing  the  author's  views  on  tom* 
currently  solved  vs.  partially  unsolved  problems  related  to 
aaroelastic  stability.  Selected  entries  in  the  table  ar*  re- 
viewed. The  four  current  subjects  are:  the  prediction  of 
linearized  unsteady  aerodynamic  loads  dua  to  arbitrary 
motions  of  streamlined  shapes;  nonlinear  unsteady  aero- 
dynamics for  tha  transonic  regime;  and  recent  discoveries 
regarding  the  aeroelsstic  stability  of  large-eapect-rstio  wings 
and  wind  turbines. 


SOIL 


79-1157 

Effects  of  Radiation  Damping  on  Vibration  of  a 
Shallow-Buried  Rectangular  Structure 

G.L.  Wojcik  and  J.  Isenber9 

Weidlinger  Associates,  Menlo  Park.  CA,  Rept.  No. 
R-7818,  DNA-4600F,  AD-E300  370,  90  pp  (Apr 
1978) 

AD-A061  442/OGA 

Key  Words:  Underground  structures.  Interaction:  soil- 
structure,  Finite  element  technique 

Radiation  damping  from  shallow-buried  structures  of  rect- 
angular cross-section  is  analyzed  by  means  of  an  elastic,  finite 
element  model.  Implications  of  including  a viscous  damping 
mechanism  to  simulata  radiation  damping  in  nonlinear 
single-degree-of-freedom  models  of  the  roof  slab  are  exam- 
ined. An  exact  analysis  of  a cylindrical  elastic,  plane  strain 
section  in  an  infinite  elastic  domain  is  performed. 


EXPERIMENTATION 


DIAGNOSTICS 


79-1158 

Acoustic  Emission  Monitoring  of  TIG  Welding 

R.S.  Williams  and  C.F.  zur  Lippe 


Lynchburg  Research  Ctr.,  Babcock  and  Wilcox  Co.# 
Lynchburg,  VA,  Rept.  No,  AMMRC-TR-78-34, 
122  pp  (July  1978) 

AD  A061  045/IGA 

Kay  Words:  Diagnostic  techniques.  Acoustic  techniques. 
Nondastructiva  tasting,  Waiding  joints 

Tha  putposa  of  this  program  is  to  apply  acoustic  amission 
technology  to  TIG  welding  of  D6AC  panels  typical  of  those 
proposed  for  improved  roll  and  weld  fabrication  of  rocket 
motor  cases.  Test  panels  are  welded  to  simulate  longitudinal, 
circumferential,  and  intersection  welds  These  welds  are 
monitored  in-process  using  a source  location  acoustic  amis- 
sion system.  After  waiding,  conventional  nondastructiva 
and  destructive  examinations  of  these  welds  are  performed. 
Finally,  a conceptual  design  for  a prototype  AE  weld  moni- 
tor system  is  presented. 


79-1159 

Machinery  Health  Monitoring  - Some  Common  De- 
fects 

R.  Monk 

Noise  Control  Vib  Isolation,  10  (1),  pp  24-26  (Jan 
1979)  7 figs 

Kay  Words:  Diagnostic  tachniquat 

Many  frequently  occurring  machining  problems  which  may 
be  catastrophic  unless  detected  in  time  are  briefly  discussed. 
They  are  defective  rolling  element  bearings,  oil  whip  on  plain 
journal  bearings,  resonant  excitation  due  to  oil  whip,  and  tha 
rub  condition  at  sub-rotational  frequencies. 


79-1160 

Acoustic  Km  Mason  from  a Brief  Crack  Propagation 
Event 

J.D.  Achenbach  and  J.G.  Harris 
The  Technological  Inst.,  Northwestern  Univ.,  Evan- 
ston, IL  60201,  J.  Appl.  Mech.,  Trans.  ASME,  46  (1). 
pp  107-1 12  (Mar  1979)  7 figs.  10  refs 

Kay  Words:  Crack  propagation,  Sound  generation 

Acoustic  amissions  produced  by  elementary  processes  of 
deformation  and  fracture  at  a crack  edge  are  investigated  on 
tha  basis  of  elastodynamic  ray  theory.  Wavefront  motions 
generated  by  an  arbitrary  distribution  of  climbing  edge  dis- 
locations emanating  from  tha  tip  of  a semi-infinite  crack  In 
an  unbounded  linearly  elastic  solid  are  analyzed.  These 


wavefront  results  are  expressed  In  terms  of  amission  coal 
fieientt  which  govern  tha  variation  with  angle,  and  phase 
functions  which  govern  tha  intensity  of  tha  wavefront  sig- 
nals. Explicit  expressions  for  tha  amission  coefficients  are 
presented.  Such  affects  as  focusing,  finite  duration  of  tha 
propagation  event,  and  finite  dimensions  of  the  crack  are 
briefly  discussed. 


79-1161 

Diffraction  of  SH- Waves  by  an  Edge  Crack 

S.K  Datta 

Dept,  of  Mech.  Engrg.,  Univ.  of  Colorado,  Boulder, 
CO  80309.  J.  Appl.  Mech.,  Trans  ASME,  46  (1). 
pp  101-106  (Mar  1979)  5 tigs,  9 rets 

Kay  Words:  Secondary  waves.  Wave  diffraction.  Cracked 
madia 

Diffraction  of  an  antipiane  shear  (SH-)  wave  by  an  edge 
crack  in  a semi-infinite  elastic  medium  is  studied.  Asymp- 
totic expansions  for  the  scattered  field  both  near  and  far 
from  tha  crack  are  obtained  for  tha  cate  when  the  wave- 
length it  large  compared  to  tha  length  of  tha  crack.  Near- 
t'letd  expansion  is  used  to  compute  tha  dynamic  stress- 
intensity  factor  at  tha  tip  of  tha  crack.  Alto,  tha  far-field 
expansion  gives  the  scattered  displacement  amplitude, 
which  is  useful  in  ultrasonic  nondestructive  evaluation. 


EQUIPMENT 


79-1162 

Method  of  and  Apparatus  for  Non-Deatructively 
Testing  Concrete 

M.  Gutierrez  and  P.F.  Enger 

Dept,  of  the  Interior,  Washington,  D C.,  Rept.  No. 
PB-288  619/0,  25  pp  (Aug  1978) 

PAT-APPL-931  069/GA 

Kay  Words:  Tasting  techniques.  Nondestructive  tests.  Con- 
cretes, Test  equipment,  Vibration  maters 

Tha  patent  application  relates  generally  to  methods  of,  and 
apparatus  for,  tasting  concrete,  and  more  particularly,  to 
a method  of  and  apparatus  for  non-dastructrvely  tasting 
concrete  by  impacting  tha  concrete  and  monitoring  In- 
duced vibrational  energy  using  a triangular  array  of  trans- 
ducers equ (spaced  from  tha  point  of  impact. 
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FACILITIES 


INSTRUMENTATION 


79-1163 

Jet  Engine  Testing  • A Total  System  Approach 

J.A.  Hill 

Powerplant  Systems  Div.,  Marconi  Avionics  Ltd., 
Noise  Control  Vib.  Isolation,  10  (1),  pp  27-28  (Jan 
1979)  3 figs 

Kay  Words:  Test  facilities.  Noise  control 

Noise  control  in  modular  jet  engine  test  facilities  is  discussed. 


79-1164 

The  Benefits  of  Diesel  Engine  Noise  Research 

A.  Rogers 

Combustion  and  Noise,  Perkins  Engines  Group, 
Noise  Control  Vib.  Isolation,  j)  (9),  pp  388-390  (Nov/ 
Dec  1978)  5 figs 

Key  Words:  Diesel  engines,  Noise  generation,  Test  facilities 

Diesel  engine  noise  research  performed  at  Perkins  Engines 
is  described. 


79-1165 

The  Use  of  Sound  Absorbing  Walls  to  Reduce  Dy- 
namic Interference  in  Wind  Tunnels 

D.G.  Mabey 

Royal  Aircraft  Establishment,  Bedford,  UK,  41  pp 
(Mar  30, 1978) 

N79-13062 

Key  Words:  Wind  tunnel  tests.  Acoustic  resonance.  Acous- 
tic absorption.  Dynamic  excitation 

A scheme  for  reducing  dynamic  interference  at  aibsonic 
and  transonic  meeds  is  tested  in  two  wind  tunnels.  Two 
types  of  dynamic  interference  are  considered:  excitation 
of  unwanted  acoustic  resonances  within  the  working  section, 
and  flow  unsteadiness. 


79-1166 

Frequency  Analog  Measuring  Technique:  Linear 
Displacement  Pick-up  by  Means  of  a Vibrating 
String  (Frequenzanaloge  Messteehnik:  Line  are  We- 
gumformung  mit  Hilfe  der  schwingenden  Saite) 

D.  Bouts 

INI L,  Boumerdes  Alger,  Algeria,  Techn.  Messen, 
46  (1 ),  PP  33-35  (Jan  1979)  5 figs,  1 ref 
(In  German) 

Key  Words:  Measuring  instruments.  Vibratory  techniques 

The  design  of  a frequency  analog  displacement  transducer 
besed  on  e vibrating  string  was  described  earlier.  In  this 
paper  a new  simplified  transducer  with  only  one  moving  part 
is  introduced.  An  application  for  pressure  measurements 
is  discussed. 


79-1167 

Which  Meter? 

B.  Gracey 

Gracey  & Assoc.,  Noise  Control  Vib.  Isolation, 
10  (1).pp8-9  (Jan  1979)  1 table 

Key  Words:  Measuring  instruments,  Sound  level  meters 

A table  listing  some  sound  level  instruments  is  constructed. 
It  lists  62  instruments  and  25  classifications  and  a scoring 
system  with  a maximum  scoring  potential  of  131  points. 


79-1168 

Response  of  Wide  Dynamic  Range  Integrating  Sound 
Level  Metera  to  Impulsive  Sounds 

I.  Campbell 

Computer  Engrg.  Ltd.,  Noise  Control  Vib.  Isolation, 
10  (1),  pp  12-13  (Jan  1979)  3 figs 

Key  Words:  Sound  level  meters 

The  general  noise  level  is  varying  relatively  slowly  and  has 
impulses  superimposed  on  it;  hence  the  dynamic  range 
requirement  is  the  product  of  these  two  separate  conditions  • 
level  and  impulse.  There  are  two  problems  that  have  to  be 
overcome  in  order  to  produce  a general  purpose  Leq  meter  - 


the  integrating  sound  I aval  meter:  flexibility  and  colt.  Tha 
squaring  circuit  in  tha  datactor  it  praaantad  with  tha  lama 
problem  at  tha  noiaa  average  meters.  that  of  handling  vary 
large  dynamic  ranges 


79-1169 

A Solid  State  Digital  Data  Recorder  for  Monitoring 
Automotive  Crash  Environment* 

R.J.  Wolf 

Kaman  Sciences  Corp.,  Colorado  Springs.  CO.  Rept. 
No.  K-78-24U(R).  DOT-HS-803  666,  73  pp  (Feb 
1978) 

PB-289  039/0GA 

Kay  Words:  Collision  research  (automotiva).  Test  equip- 
ment. Recording  Instruments 

A solid  state  digital  data  recorder  is  developed  for  use  in 
monitoring  automotive  impact  environments.  The  recorder 
is  designed  to  be  a general  purpose,  on  board  data  acquisi- 
tion system.  The  functions  of  reading  end  storing  data  by 
the  recorder  channels  are  determined  by  a single,  common 
control  module.  A nine  channel  system  it  evaluated  via  a 
pneumatic  shock  machine,  vibration  testing  on  a shaker. 
30  mph  sled  simulated  vehicle-barrier  impacts,  and  30  mph 
vehicle  barrier  impacts. 


79-1170 

Superconducting  Accelerometer  Dang  Niobium-on- 
Sapphire  rf  Resonator 

D.G.  Blair 

Dept,  of  Physics  and  Astronomy.  Louisiana  State 
Univ.,  Baton  Rouge,  LA  70803,  Rev.  Scientific 
Instr  . 50  (3),  pp  286-291  (Mar  1979)  5 figs,  18  refs 

Key  Words:  Accelerometers 

An  accelerometer  it  described  which  uses  a rf  niobium-on- 
tapphire  resonator  as  its  sensor  element.  The  accelerometer 
uses  a magnetically  levitated  moot  at  a test  mats  and  the 
spool  modulates  the  inductance  of  the  resonator  at  the 
external  rf  excitation  frequency.  The  system  noise  sources 
are  eneiyred  and  possible  improvements  ere  discussed. 


79-1171 

True-Integrating  Environmental  Noiae  Monitor  and 
Sound  Kxpoaure  Level  Meter.  V ohune  1.  User's  Guide 


P.D.  Schomer.  A J Averbuch,  and  M.W.  Weisberg 
Construction  Engrg.  Res.  Lab.  (Army),  Champaign, 
IL.  Rept  No.  CERL-TR-N  41 , 23  pp  (May  1978) 
AD-A060  958/6GA 

Kay  Words:  Noise  meaaurement.  Measuring  instruments 

This  report  summer  Ires  desirable  features  and  factors  in 
environmental  noise  monitors,  in  general,  and  in  particular, 
monitors  which  measure  the  impulsive  noise  created  by 
military  sources.  Particular  emphasis  is  pieced  on  the  need 
to  have  a true-integrating  detector  to  property  measure  these 
impulsive  sources.  Bated  on  these  needs,  a noise  monitor  has 
been  designed  and  constructed.  This  report  summarizes  the 
operations  and  components  of  this  monitoring  unit.  Volume 
II  describes  the  construction,  parts  lists,  layouts,  end  schema- 
tics of  the  monitoring  unit. 


79-1172 

Meaaurement  of  Torsional  Vibrations  by  a Non- 
Contacting  Laaer  Probe  System 

Noise  Control  Vib.  Isolation,  10  (1 ),  p 23  (Jan  1979) 
3 figs 

Key  Words:  Measuring  instruments.  Laser*.  Torsional  vibra- 
tions 

A laser-Doppler  system  for  measuring  torsional  vibrations 
of  rotating  shafts  is  described.  There  is  no  restriction  on  the 
measuring  position  provided  a line  of  tight  it  available  for  the 
laser  beam.  Normally,  e good  machined  surface  hat  sufficient- 
ly good  reflection  for  the  reflected  later  light  to  be  detected 
but.  for  very  poor  surfaces,  reflective  paint  can  be  applied. 
A further  advantage  of  the  later  vibration  measuring  system  it 
that  its  frequency  remonte  is  flat  and  linear  over  a wide 
frequency  range. 


TECHNIQUES 

(Also  see  Nos.  1119.  1131,  1162) 
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Technique*  for  the  Meaaurement  of  Acoustic  Im- 
pedance of  Asphalt 

P.A.  Mansbach  and  C.l.  Holmer 
Acoustical  Engrg.  Div.,  National  Engrg.  Lab.  (NBS), 
Washington,  D.C.,  Rept.  No.  NBSIR-78-1541. 94  pp 
(Oct  1978) 

PB-287  936/9GA 
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Key  Words:  Measurement  techniques.  Acoustic  impadanca. 
Pavements.  Acoustic  measuring  instruments 

Five  techniques  are  used  in  an  attempt  to  measure  the  vary 
high  acoustic  impadanca  of  an  asphalt  surface.  These  tech- 
niques art:  Impadanca  Tuba,  Pure- Tons  Traversa.  Pulse- 
Echo,  Broad-Band  Cross. Correlation,  and  Direct  Accelero- 
meter Measurement.  These  techniques  are  described  and 
evaluated  in  some  detail,  end  the  results  of  the  measurements 
are  presented.  Effects  of  the  finite  test  surface  impadanca 
on  source  emission  measurements  are  discussed. 


79-1174 

Limitations  and  Corrections  in  Measuring  Dynamic 
Characteristics  of  Structural  Systems 

P.L.  Walter 

Ph  D.  Thesis.  Arizona  State  Univ..  252  pp  (1978) 
UM  7904988 

Kay  Words:  Measurement  techniques.  Dynamic  properties. 
Structural  response 

This  work  deals  with  limitations  encountered  in  measuring 
the  dynamic  characteristics  of  structural  systems.  Structural 
loading  and  mponae  are  measured  by  transducers  possessing 
multiple  resonant  frequencies  in  their  transfer  function. 
Data  recorded  during  nuclear  affects  simulation  testing  on 
structures  are  analyzed.  Methods  to  improve  the  recorded 
data  are  described  which  can  be  implemented  on  a frequency 
selective  basis  during  the  measurement  process. 


79-1175 

On  the  Impact  Torsional  Test  by  Means  of  a Dropped 
Bar 

A.  Chatani  and  A.  Hojo 

Faculty  of  Tech.,  Kanazawa  Univ.,  Kanazawa,  Japan, 
Bull.  JSME,  22  (163),  pp  8-15  (Jan  1979)  16  figs, 
3 tables,  1 6 refs 

Key  Words:  Hopkinson's  bar  technique.  Impact  tests.  Tor- 
sional response 

In  this  paper  the  impact  torsional  stress  of  a circular  bar 
supported  horizontally  and  subjected  to  impact  torsion 
when  a cross  pin  attached  to  the  end  of  it  was  struck  by  a 
dropped  bar  is  described.  An  impact  torsional  testing  device 
of  Hopkinson  bar  type  is  designed  and  experiments  are 
carried  out  with  thin  tubular  mecimens  of  a low  carbon 
steel. 


79-1176 

A Study  of  Multiple-Shaker  Modal  Survey  Testing 

W.L.  Hallauer,  Jr. 

Dept,  of  Aerospace  and  Ocean  Engrg.,  Virginia  Poly- 
technic Inst,  and  State  Univ.,  Blacksburg,  VA,  Rept. 
No.  NASA-CR-1 57890,  44  pp  (1978) 

N79-10447 

Key  Words:  Shakers,  Modal  tests.  Vibration  tests.  Testing 
techniques 

The  principal  objective  is  to  examine  and  to  assess  the 
practical  value  of  a method  of  multiple-shaker  sinusoidal 
modal  vibration  testing  known  as  Asher's  method.  Numeri- 
cal studies  which  simulate  the  application  of  Asher's  method 
and  a unique  experimental  implementation  of  the  method 
ere  completed.  Another  objective  of  the  research  is  to  devel- 
op end  to  demonstrate  with  numerical  simulation  a quantita- 
tive method  for  determining  from  transfer  function  data  the 
number  of  dominant  modes  of  vibration  in  sinusoidal  struc- 
tural response. 


COMPONENTS 


ABSORBERS 

(See  No.  11261 


SHAFTS 


79-1177 

Analysis  and  Design  of  Advanced  Stem-Tube  Bearing 
Systems 

O.  Pinkus 

Mechanical  Technology,  Inc.,  Latham,  NY,  Rept. 
No.  MTI-78TR98,  MA-RD-79009, 160  pp  (Oct  1978) 
PB-288  843/6GA 

Key  Words:  Rotor-bearing  systems.  Shafts,  Bearings,  Marine 
propellers.  Computer  programs 

This  report  covers  the  development  of  new  bearing  concepts 
aimed  at  improving  the  conditions  and  reliability  of  stem- 
tube  bearing  operation.  An  analysis  of  shaft  bending  and 
bearing  performance  is  translated  Into  appropriate  computer 
programs  which  provide  comprehensive  solutions  to  the 
shaft-bearing  problem.  Two  new  bearing  arrangements,  one 


I — 

rigid  and  on*  seif-aligning,  both  containing  new  bearing 
designs,  are  proposed  which  provide  system  optimization 
for  each  particular  vessel. 


BEAMS,  STRINGS.  RODS,  BARS 

(Also  see  No.  1136) 


79-1178 

Eigenaolutions  for  Coupled  Therm oclaatic  Vibrations 
of  Tknodienko  Beams 

R.C.  Shieh 

Transportation  Branch,  U.S.  Nuclear  Regulatory 
Commission,  Washington,  D.C.  20555,  J.  Appl. 
Mech.,  Trans.  ASME,  46  (1).  pp  169-174  (Mar  1979) 
1 fig,  13  refs 

Kay  Words:  Beams,  Free  vibration.  Timoshenko  theories 

A general  solution  procedure,  together  with  two  special 
case  solutions,  for  tha  free-vtoration  boundary-value  problem 
of  a circular  or  rectangular  cross-section  Timoshenko  beam 
under  general  mechanical  boundary  conditions  and  tha  ther- 
mal boundary  conditons  that  follow  the  Newton  surface 
heat  transfer  law  is  presented  within  the  context  of  coupled 
linear  thermoelasticity. 


79-1179 

The  Initial-Boundary  Value  Problem  of  the  Trans- 
verse Vibrations  of  a Homogeneous  Beam  Clamped 
at  One  End  and  Infinitely  Long  in  One  Direction.  I 

N.  Ortner 

Univ.  Innsbruck,  Technikerstrasse  13,  A-6020  Inns- 
bruck, Austria,  Bull.  Acad.  Polon.  Sci.,  Ser.  Sci. 
Tech.,  26  (8-9),  pp  389-401 , 723-735  (1978) 


79-1 180 

The  Initial-Boundary  Value  Problem  of  the  Trans- 
verse Vibrations  of  a Homogeneous  Beam  Clamped  at 
One  End  and  Infinitely  Long  in  One  Direction.  11 

N.  Ortner 

Univ.  Innsbruck,  Technikerstrasse  13,  A-6020  Inns 
bruck,  Austria,  Bull.  Acad.  Polon.  Sci.,  Ser.  Sci. 
Tech.,  26  (8-9),  PP  403415,  737-749  (1978)  12  refs 

Kay  Words:  Beams.  Flexural  vibration.  Boundary  value 
problems 

In  this  part  tha  problem  presented  in  part  I it  continued  to 
be  solved.  A definite  integral  which  plays  an  important  role 
is  explicitly  computed  by  reduction  to  a Dirichlet  problem 
for  the  Laplace  operetor  in  the  quarter-plane.  By  formal 
application  of  tha  Laplace  transform,  tha  Green  function 
for  an  infinitely  long,  elastically  supported  beam  clamped 
at  one  end  it  obtained. 


79-1181 

Elastic -Plastic  Dynamic  Analysis  of  Structures  Hung 
Known  Elastic  Solutions 

S.C.  Liu  and  T.H.  Lin 

Mechanics  and  Structures  Dept.,  Univ.  of  California. 
Los  Angeles,  CA,  Inti.  J.  Earthquake  Engr.  Struc. 
Dynam.,  _7  (2),  PP  147-159  (1979)  9 figs,  14  refs 

Key  Words:  Beams,  Plates,  Elestoplestic  properties.  Numeri- 
cal analysis 

A numerical  method  is  shown  to  analyze  the  dynamic  elastic- 
plastic  responses  of  those  structures  with  known  elastic 
solutions.  The  displacement  caused  by  a unit  load  applied 
at  another  point  at  zero  time,  called  the  dynamic  influence 
coefficient,  it  celculated  from  the  known  elastic  solutions. 
From  the  incremental  load  including  that  caused  by  the 
incremental  plastic  strain,  the  displacement  vs  time  of  the 
structure  it  obtained.  This  method  it  applied  to  simply 
supported  beams  with  binlinear  stress-strain  relations  with 
different  strain-hardening  rates  and  to  a simply  supported 
elastic-ideally  plastic  rectangular  plate.  This  procedure  can 
be  extended  to  structures  with  no  available  known  analytical 
elastic  solutions.  For  these  structures,  the  elastic  solutions 
can  be  obtained  by  the  finite  element  method. 


Key  Words:  Beams,  Flexural  vibration,  Boundary  value 
problems 

In  this  paper  an  explicit  solution  of  tha  mixed  problem,  with 
non-vanishing  initial  data,  of  tha  transverse  vibrations  of  a 
beam  infinitely  long  in  one  direction  clamped  at  one  end 
It  derived. 


79-1182 

A Steadily  Moving  Load  on  an  Elastic  Beam  Resting 
on  a Tensionksa  Winkler  Foundation 

J.  Choros  and  G.G.  Adams 
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Association  of  American  Railroads,  Chicago,  IL 
60616,  J.  Appl.  Mech.,  Trans.  ASME,  46  (1),  pp  175- 
180  (Mar  1979)  12  figs,  13  refs 

Key  Words:  Beams,  Elastic  foundations.  Winkler  founda- 
tions, Moving  loads.  Periodic  response,  Bemoulli-Euler 
method 

An  infinitely  long  Euler-Bemoulli  beam  ratting  on  e tension- 
lass  Winkler  foundation  it  considered.  Steady-state  solutions 
are  obtained  tor  a downward  directed  concentrated  force 
moving  with  constant  spaed.  First,  the  critical  load  necessary 
to  initiate  separation  of  the  beam  from  the  foundation  is 
determined  for  a range  of  spaed.  Closed-form  solutions  of 
the  differential  equations  are  obtained  In  terms  of  local 
coordinate  systems.  The  extent  and  location  of  the  non- 
contact  regions,  as  well  as  the  corresponding  beam  deflec- 
tions. are  then  determined  for  a range  of  force  and  spaed. 


79-1183 

Forced  Torsional  Vibration  of  an  Elastic  Circular 
Rod  on  an  Elastic  Half  Space  and  on  an  Elastic 
Stratum 

H.S.  Paul  and  K.  Sridharan 

Dept,  of  Mathematics,  Indian  Inst,  of  Tech.,  Madras  - 
600  036,  India,  J.  Acoust.  Soc.  Amer.,  65  (2),  pp 
391-398  (Feb  1979)  6 figs,  2 tables,  10  refs 

Key  Words:  Circular  bars.  Rods,  Torsional  vibration,  Forced 
vibration.  Vibration  damping 

The  forced  torsional  vibration  of  an  elastic  circular  rod, 
whose  lower  end  is  attached  to  the  free  surface  of  an  elastic 
half  space  or  stratum,  while  the  upper  end  is  subjected  to 
a periodic  torque  is  investigated.  Expression  for  the  driving 
point  impedance  is  obtained  for  low-frequency  oscillations 
using  specific  boundary  conditions  at  the  interface.  Reso- 
nance curves  are  plotted  which  exhibit  the  damping  of  the 
vibrations  of  the  rod  due  to  dissipation  of  waves  to  infinity. 
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Dynamics  of  Slender  Tapered  Beams  with  Internal  or 
External  Axial  Flow.  Part  1:  Theory 

M.J.  Hannoyerand  M.P.  Paidoussis 
Dept,  of  Mech.  Engrg.,  McGill  Univ.,  Montreal, 
Quebec,  Canada  H3A  2K6,  J.  Appl.  Mech.,  Trans. 
ASME,  46  (1),  pp  45-51  (Mar  1979)  7 figs.  18  refs 


Key  Words:  Cantilever  beams.  Beams,  Cylinders.  Tubas, 
Variable  cross  section.  Fluid-induced  excitation.  Equations 
of  motion 

This  paper  develops  a general  theory  for  the  dynamics  of 
slender,  nonuniform  axlsymmetric  beams  subjected  to  either 
internal  or  external  flow,  or  to  both  simultaneously.  Typical 
solutions  of  the  equations  of  motion  are  presented  for 
cantilevered  conical  beams  in  external  flow  and  tor  beams 
with  a conical  internal  flow  passage.  The  effect  of  several 
parameters  It  investigated. 
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Dynamics  of  Slender  Tapered  Beams  with  Internal 
or  External  Axial  Flow.  Part  2:  Experiments 

M.J.  Hannoyer  and  M.P.  Paidoussis 
Dept,  of  Mech.  Engrg.,  McGill  Univ.,  Montreal, 
Quebec,  Canada  H3A  2K6.  J.  Appl.  Mech.,  Trans. 
ASME,  46  (1),  pp  52-57  (Mar  1979)  5 figs,  10  refs 

Key  Words:  Cantilever  beams.  Beams,  Tubas.  Cylinders, 
Variable  cross  section,  Fluid-Induced  excitation.  Experi- 
mental data 

This  paper  describes  the  experimental  program  which  wet 
conducted  in  parallel  with  the  theoretical  investigation 
presented  in  Pan  1 of  this  study.  Experiments  are  conduct- 
ed in  a special  water  tunnel  with  silicone  rubber  cantilevers 
which,  in  the  cate  of  external  flow,  a re  truncated  cones, 
the  free  ends  of  which  are  streamlined;  in  the  case  of  internal 
flow  the  beams  are  tubuler,  conical  inside,  and  either  conical 
or  cylindrical  outside,  immersed  either  in  still  air  or  water. 
Experiments  are  also  conducted  with  uniform  tubular  cylin- 
ders, and  some  with  simultaneous  internal  and  external 
axial  flow.  Qualitatively  these  experiments  support  theore- 
tical predictions  very  well.  The  critical  conditions  for  the 
various  fluid-elastic  instabilities  which  these  systems  can 
develop  are  measured  and  compared  with  theory. 


79-1186 

The  Dynamic*  of  Reinforced  Coarse  Nets  Using  a 
Finite  Element  Analysis 

J.M.  Shanks  and  C.M.  Leech 

Dept,  of  Mech.  Engrg.,  Univ.  of  Manchester  Inst,  of 
Science  and  Tech.,  Manchester,  UK,  Inti.  J.  Mech. 
Sci.,  21  (2),  pp  131-138  (1979  ) 6 figs.  1 table.  10 
refs 

Key  Words:  Strings,  Energy  absorption.  Finite  element 
technique 
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The  dynamics  of  prattretaed  orthogonal  coarse  nan  ara 
Investigated  uiing  a flnlta  element  analysis;  tha  affactt  of 
various  cron  weave  rainforcamann  ara  considered.  Elamant 
ovarttrau,  arratt  times  and  nat  panatratlon  ara  numerically 
predicted  for  various  Impact  velocities  and  tha  data  la  col- 
lapaad  to  y laid  two  empirical  fit*  of  uaa  in  nat  design. 
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Stability  of  Faired  Underwater  Towing  Cablea 

S.  Nair  and  G.  Hegemier 

Illinois  Inst,  of  Tech.,  Chicago,  IL,  J.  Hydronautics, 
13  (1|.  pp  20-27  (Jan  1979)  3 figs,  9 refs 

Kay  Wordi:  Dynamic  liability.  Towing  cablet.  Cablet, 
Underwater  structural 

Tha  dynamic  liability  of  faired,  heterogeneous  underwater 
cables  subject  to  small  perturbations  from  a planar  towing 
configuration  is  considered.  Sufficient  conditions  for  free- 
dom from  flutter  and  divergence  ara  obtained  using  the 
velocity  component  strip  theory.  These  conditions  are 
given  in  tha  form  of  constraints  on  the  locations  of  shear 
center,  center  of  tension,  hydrodynamic  canter,  and  canter 
of  gravity  of  tha  cable  cross  section. 


BEARINGS 

(Also  see  No.  1177) 


79-1188 

Spherical  Bearing 

W.N.  Myers  and  L A.  Hein 

NASA  Marshall  Space  Flight  Ctr..  Huntsville,  AL, 
8 pp  (Aug  8,  1978) 

U S PATENT-4  105  261 

Key  Words:  Bearings.  Ball  bearings,  Vibration  excitation 

A spherical  bearing,  including  an  Inner  ball  with  an  opening 
for  receiving  a shaft  and  a spherical  outer  surface,  is  de- 
scribed. Features  of  the  bearing  include:  a circular  outer 
race  including  a plurality  of  circumferentially  ipacad  sec- 
tions extending  around  the  Inner  ball  for  snugly  receiving 
the  inner  ball;  and  a groove  extending  circumferentially 
around  tha  race  producing  a thin  wall  portion  which  permits 
the  opposed  side  portions  to  flex  relative  to  the  ball  for 
max  (miring  the  physical  contact  between  the  inner  surface 
of  the  race  and  the  spherical  outer  surface  of  the  ball. 


BLADES 
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Dynamic  Stability  of  a Two-Blade  Rotor 

C T.  Tran 

European  Space  Agency,  Paris,  France,  ESA  TT 
491,  pp  63-96  (Aug  1978)  (Engl  transl  from  La 
Rech.  Aerospatiale,  Bull.  Bimestriel,  Paris,  no.  1978 
1.PP  25-40  (Jan  Feb  1978)) 

N79-1 1999 

Kay  Words:  Dynamic  stability,  Rotor  blades 

An  analytical  method  it  presented  in  which  Lagrange  equa- 
tions are  simplified  to  a system  of  ordinary  differential 
equations  with  constant  coefficients  In  an  evaluation  of  tha 
dynamic  stability  of  a two  blade  rotor  at  high  tip  speeds 
with  negligible  aerodynamic  disturbance.  Attention  is  given 
to  the  parameterization  of  the  divergence  velocity. 


79-1190 

The  Effect  of  Root  Flexibility  on  the  Torsional  Vi- 
bration of  Unifoim  Section  Blades 

V.K.  Singh  and  S.  Rawtani 

Dept,  of  Appl  Mech.,  Maulana  Arad  College  of 
Tech.,  Bhopal  (M.P.),  India,  Inti.  J.  Mech.  Sci..  21^ 
(3),  pp  141  147  (1979)  5 figs,  2 tables.  16  refs 

Key  Words:  Turbomachinery  blades.  Blades.  Torsional 
vibration 

The  present  paper  deals  with  the  effect  of  root  flexibility 
on  the  torsional  vibrations.  Solution  of  the  governing  dif- 
ferential equation  with  appropriate  boundary  conditions 
Is  obtained.  Tha  proper  non-dimensional  root  flexibility  and 
frequency  parameters  are  derived.  The  effect  on  the  first 
three  torsional  natural  frequencies  and  tha  corresponding 
mode  shapes  is  studied  for  the  complete  spectrum  of  root 
flexibility  ranging  from  a clamped  to  a free  root.  An  em- 
pirical formula  it  suggested  for  the  value  of  the  correction 
factor  by  which  the  fixed  root  frequency  may  be  multiplied 
to  obtain  the  flexible  root  frequency. 


CONTROLS 


79-1191 

An  Experimental-Numerical  Concept  for  Determina- 
tion of  the  Transfer  Functione  of  Hydraulic  Servo- 
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actuator*  (Bestimiuung  der  dynamiachen  Aktuatorii- 
bertragungsfunktionen  mit  Hilfe  cine*  experimen- 
ted-rechneriscben  Verfahrena) 

R.  Freymann 

Institut  f.  Aeroelastik  der  Deutschen  Forschungs-  und 
Versuchsanstalt  f.  Luft-  und  Raumfahrt  DFVLR, 
Bunsenstrasse  10,  3400  Gottingen,  Germany,  Z. 
Flugwiss,_2  (6).  pp  405-416  (1978)  13  figs,  13  refs 
(In  German) 

Kay  Words:  Hydraulic  servomechanisms,  Flutter 

The  complex  non-linear  and  frequency  dependent  imped- 
ances of  the  hydraulic  actuators  must  be  known  if  hydraulic 
surface  actuators  are  to  be  considered  in  a flutter  analysis. 
An  experimental-numerical  method  for  determination  of 
these  transfer  functions  is  given  with  special  regard  to  non- 
linear and  preload  effects. 


CYLINDERS 

(Also  see  Nos.  1 154,  1 184,  1 185.  1201) 


79-1192 

Computation  of  the  Hydrodynamic  Force*  Induced 
by  General  Vibration  of  Cylinder* 

W.C.  Webster 

Dept,  of  Naval  Architecture,  College  of  Engrg.,  Univ. 
of  California,  Berkeley,  CA,  J.  Ship  Res.,  23  (1), 
PP  9-19  (Mar  1979)  12  figs,  1 1 refs 

Key  Words:  Cylinders,  Hydrodynamic  excitation.  Finite 
element  technique,  Ships 

The  hydrodynamic  pressures  created  by  the  arbitrary  defor- 
mation around  the  girth  of  a two-dimensional  section  are 
computed  in  a form  suitable  for  finite-element  structural 
analysis.  The  computations  are  based  on  the  panel  method 
developed  for  determining  the  hydrodynamic  forces  on 
rigid  sections.  In  this  method  the  section  is  approximated 
by  straight-line  segments  on  each  of  which  source  singulari- 
ties of  constant  strength  are  distributed.  The  source  strengths 
are  determined  by  matching  the  kinematic  boundary  condi- 
tion at  the  center  of  each  panel.  The  method  is  extended 
to  treat  nonrigid-body  deformations  on  an  infinite  cylinder, 
including  deformations  which  are  also  periodically  varying 
in  tha  longitudinal  diraction. 


79-1193 

Vortex -Excited  Unsteady  Force*  on  Resonantly 
Vibrating,  Bluff  Structure* 

O.M.  Griffin 

Naval  Research  Lab.,  Washington,  D.C.,  Rept.  No. 
NRL-MR-3820.  AD-E000  231,  43  pp  (Aug  1978) 
AD-A060  7 10/IGA 

Key  Words:  Cylinders,  Vortex-Induced  vibration.  Mathe- 
matical models 

This  report  considers  recent  experimental  findings  par- 
taining  to  the  vortex-excited  oscillations  of  bluff  cylinders, 
and  comperes  various  approaches  to  measuring  tha  resultant 
fluid  forces.  As  on*  example,  measurements  of  the  structural 
damping  and  crossflow  response  amplitudes  are  made  for 
several  systems  over  a representative  range  of  wind  tunnel 
flow  speeds.  The  fluid  dynamic  damping  or  reaction  in-phas* 
with  the  cylinder's  velocity  is  also  measured  for  different 
incident  flow  speeds  over  a rang*  which  includes  the  locking- 
on  of  tha  vortex  shedding  to  tha  resonant  cylinder  vibra- 
tions. A mathematical  modal  I*  proposed  in  connection  with 
these  measurements.  In  a second  approach,  the  fluid  forces 
are  measured  on  a cylinder  which  is  forced  to  oscillate  In 
water  at  different  frequencies  and  crossflow  amplitudes  over 
a range  of  incident  flow  spaads. 


DUCTS 

(See  No.  1106) 


FRAMES.  ARCHES 


79-1194 

A Micro  polar  Continuum  Model  (or  Vibrating  Grid 
Frame  woika 

K.  Kanatani 

Dept,  of  Mathematical  Engrg.  and  Instrumentation 
Physics,  Faculty  of  Engrg.,  Univ.  of  Tokyo,  Tokyo, 
Japan,  Inti.  J.  Engr.  Sci.,  17  (4),  pp  409-418  (1979) 
5 figs,  10  refs 

Kay  Words:  Grids  (beam  grids).  Frames,  Approximation 
methods 

A principle  of  converting  a discrete  system  of  grid  frame- 
works to  an  equivalent  micropolar  continuum  model  is 
given  with  the  degree  of  approximation  taken  into  considera- 
tion. A micropolar  continuum  1s  than  defined  in  tha  form  of 


higher  order  extension.  In  order  to  supplement  defects  of 
previous  theories,  a complex -valued  micropoler  continuum 
model  1s  constructed  for  grid  frameworks  vibrating  with  an 
arbitrary  frequency  by  meant  of  tha  variational  principle 
related  to  the  everage  energy  of  the  system.  The  accuracy 
of  solutions  It  alto  Investigated. 


GEARS 

(Also  sue  No  1246) 


79-1195 

A Study  on  the  Unstable  Vibration  Phenomena  of 
a Reduction  Gear  System,  Including  the  Lightly 
Loaded  Journal  Bearings,  for  a Marine  Steam  Turbine 

T.  Yamada  and  J.  Mitsui 

Tarnano  Research  Lab.,  Mitsui  Engrg.  & Shipbuilding 
Co.,  Ltd.,  Bull.  JSME,  22  (163),  pp  98  106  (Jan 
1979)  12  figs,  15  refs 

Key  Words:  Gears,  Journal  baarings.  Turbine  components, 
Vibration  remonte 

The  unstable  vibration  phenomena  (different  from  ordinary 
phenomena  such  at  oil  whirl,  oil  whip  and  so  forth)  are 
observed  in  the  locked  train  type  reduction  gear  system  of 
a marine  steam  turbine  while  It  it  subjected  to  running  condi- 
tions with  no  load.  The  unstable  vibration  phenomena  are 
assumed  to  be  due  to  the  self-exciting  vibration  system  which 
it  caused  by  both  the  oil  film  characteristics  of  the  journal 
bearings  which  support  the  reduction  gears  and  the  torsional 
vibration  system. 


MECHANICAL 


79-1196 

The  Driveline  as  a Source  of  Vibration 

R.G.  Joyner 

Universal  Joint  Div.,  Dana  Co.,  SAE  780778,  16  pp, 
17  figs,  1 ref 

Key  Words:  Driveline  vibrations.  Unbalanced  mass  remonte, 
Torsional  excitation,  Inertial  forces 

This  paper  explains  and  gives  corrective  procedures  for 
driveline  vibrations  caused  by  unbalance,  torsional  sxcitation, 
inertia  excitation  and  secondary  couple  effect.  The  Influence 


of  the  driveline  on  the  system  bending  resonance  of  the 
engine-transmission  package  it  aim  explained. 


MEMBRANES,  FILMS,  AND  WEBS 

(See  No.  1120) 


PIPES  AND  TUBES 


79-1197 

Seiuuic  Response  Behavior  of  Buried  Pipelines 

L.R.-L.  Wang  and  K.  M.  Cheng 
T.Y.  Lin  International,  San  Francisco,  CA  94133. 
J.  Pressure  Vessel  Tech.,  Trans  ASME,  101  (1), 
pp  21  30  (Feb  1979)  19  figs,  21  refs 

Key  Words:  Pipelines,  Underground  structures.  Seismic 
response,  Earthquake  demage,  Interection:  soil-structure 

A simplified  quasi-static  seismic  deformation  analysis  neglect- 
ing the  dynamic  terms  for  buried  pipelines  subjected  to 
earthquake  motions  in  the  axial  direction  it  proposed.  The 
analysis  involves  the  solution  of  a system  of  static  equili- 
brium equations  of  a pipeline  which  consists  of  rigid  pipe- 
segments  and  flexible  joint  mringt.  Using  this  model,  parame- 
tric studies  involving  soil-pipe  interaction  parameters,  time 
delay  of  the  traveling  seismic  waves,  toil -variations  along  the 
pipeline,  end  conditions  and  variation  Of  the  seismic  wave 
form  are  performed. 


79-1198 

A SheU  Model  of  a Buried  Pipe  in  a Seismic  Environ- 
ment 

G.E.  Muleski,  T.  Ariman,  and  C.P.  Aumen 
Univ.  of  Notre  Dame,  Notre  Dame,  IN  46556,  J. 
Pressure  Vessel  Tech.,  Trans.  ASME,  101^  (1).  PP  44 
50  (Feb  1979)  5 figs,  20  refs 

Key  Words:  Piping  systems.  Underground  structures.  Cylin- 
drical shells.  Seismic  excitation 

In  this  paper  a thin  circular  cylindrical  theli  model  in  a 
resisting  soil  medium  it  used  for  a buried  pipe.  The  coupled 
equilibrium  equations  arising  from  this  model  are  modified 
to  yield  three  decoupled  equations  which  simplify  the  anaiy- 
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.T.  . 


»*•  An  application  tor  a long  buried  pipe  it  presented  and 
the  retultt  are  diacuaaed  and  compared  with  thota  of  the 
beam  model. 


79-1199 

Some  Afreet*  of  Seutnic  Risk  Analyst  of  Under- 
ground Lifeline  Systems 

M.  Shinozuka,  S.  Takada.and  H.  Ishikawa 
Columbia  Univ.,  New  York,  NY,  J.  Pressure  Vessel 
Tech.,  Trans.  ASME,  101  (1),  pp  31-43  (Feb  1979) 
15  figs,  12  tables,  42  refs 

Key  Words:  Piping  systems,  Pipelines,  Cablet  (ropes).  Under- 
ground structures.  Seismic  design,  Earthquake  damage 

The  current  state  of  the  art  of  the  seismic  risk  analysis  for 
the  underground  lifeline  systems,  particularly  for  the  water 
transmission  network  system,  is  reviewed.  An  emphasis 
in  the  review  is  placed  on  the  analysis  of  major  causes  of  sys- 
tem damages  and  on  the  procedures  of  the  seismic  design 
decision  analysis  unique  to  the  underground  lifeline  systems. 
A methodology  of  the  seismic  risk  analysis  is  then  developed 
and  an  example  analysis  performed  for  a simplified  version 
of  the  water  transmission  system  in  the  city  of  Los  Angeles 
indicating  each  step  of  the  analysis  and  each  assumption 
used.  The  example  analysis  is  carried  through  to  the  point 
where  a sample  of  physically  damaged  network  systems  are 
simulated  by  means  of  a Monte  Carlo  technique. 


79-1200 

Dynamic  Seismic  Analysis  of  Long  Segmented  Life- 
lines 

I.  Nelson  and  P.  Weidlinger 

Weidlinger  Associates,  Consulting  Engineers,  New 
York,  NY,  J.  Pressure  Vessel  Tech.,  Trans.  ASME, 
101  (1),  pp  10-20  (Feb  1979)  9 figs,  12  refs 

Key  Words:  Pipes  (tubes).  Pipe  joints.  Seismic  response. 
Interference  response  spectra 

A long,  straight,  segmented  pipe,  with  each  link  attached 
to  the  ground  via  a spring  and  dashpot  is  subjected  to  in- 
coherent ground  motion  caused  by  a phase  delay.  The 
equations  governing  the  axial  response  of  the  system  are 
developed.  Modal  decomposition  is  used  and  closed  form 
expressions  are  given  for  the  natural  frequencies  and  mode 
shapes.  Examples  a>e  given  showing  the  center  joint  displace- 
ment time  history  when  the  lifeline  is  subjected  to  earth- 
quake loading. 


79-1201 

Dynasties  of  Flexible  Cylinders  in  Axisymmetrically 
Confined  Axial  Flow 

M.P.  Paidoussis  and  M.J.  Pettigrew 
Dept,  of  Mech.  Engrg.,  McGill  Univ.,  Montreal,  Que- 
bec, Canada,  J.  Appl.  Mech.,  Trans.  ASME,  46  (1), 
pp  37-44  (Mar  1979)  7 figs,  1 table,  13  refs 

Key  Words:  Cylinders,  Tubes,  Fluid-induced  excitation. 
Heat  exchangers 

This  paper  describes  experiments  in  which  flexible  cylinders 
placed  centrally  within  a narrow  cylindrical  flow  channel 
are  subjected  to  axial  flow.  The  dynamical  behavior  of  such 
cylinders,  either  cantilevered  or  supported  at  both  ends, 
is  described,  both  in  liquid  and  in  simulated  two-phase  flows; 
the  effect  of  several  parameters,  such  as  the  annular  con- 
finement is  investigated.  The  experimental  observations  are 
compared  to  a theoretical  model  for  the  dynamics  of  such 
systems. 


79-1202 

Nonlinear  Stability  Analysis  of  a Two-Dimensional 
Model  of  an  Elastic  Tube  Conveying  a Compressible 
Flow 

Y.  Matsuzaki  and  Y.-C.  Fung 
National  Aerospace  Lab.,  Jindaiji,  Chofu,  Tokyo, 
Japan,  J.  Appl.  Mech.,  Trans.  ASME,  46  (1),  pp  31- 
36  (Mar  1979)  5 figs,  14  refs 

Key  Words:  Tubes,  Fluid-filled  containers.  Fluid-induced 
excitation.  Flutter,  Viscous  damping 

This  paper  examines  the  dynamic  behavior  of  a two-dimen- 
sional channel  whose  upper  and  lower  walls  deform  sym- 
metrically with  reject  to  the  center  line  of  the  channel. 
Unsteady  fluid  dynamic  forces  acting  on  the  internal  wall  are 
analytically  evaluated  on  the  basis  of  a linearized  compres- 
sible potential  flow  theory.  The  effects  of  distributed  springs 
outside  the  channel  and  an  internal  pressure  on  the  stability 
characteristics  are  studied  by  considering  small  disturbances 
about  flat  and  buckled  equilibrium  configurations  of  the 
wall. 


PLATES  AND  SHELLS 

(Also  see  No.  1 198) 


79-1203 

Acoustic  Radiation  and  Scattering  from  Elastic 
Structures 

D.T.  Wilton 
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Admiralty  Underwater  Weapons  Establishment.  Port- 
land, UK,  Rept.  No  AUWE-TN-574/78,  34  pp  (Apr 
1978) 

AD-A060  840/6GA 

Key  Words:  Shells,  Elestic  analysis,  Interface  structure- 
fluid,  Finite  element  technique 

This  report  presents  e numerical  technique  for  the  linear 
dynamic  analysis  of  a finite  elastic  structure  immersed  in 
an  infinite  homogeneous  acoustic  medium.  A finite  element 
analysis  of  the  structure  it  matched  at  the  structure-fluid 
interface  with  an  integral  equation  representation  of  the 
exterior  acoustic  field,  leading  to  a coupled  system  of  equa- 
tions which  may  be  cast  in  either  acoustic  or  structural  form. 


79-1204 

Seismic  Behavior  of  Tall  Liquid  Storage  Tank* 

A.  Niwa 

Ph  D.  Thesis,  Univ.  of  California.  Berkeley,  319  pp 
(1978) 

UM  7904560 

Key  Words:  Cylindrical  shells.  Tanks  (containers).  Seismic 
response.  Experimental  data 

The  results  ere  discussed  of  an  experimental  program  in 
which  a scaled  model  of  a ground  supported,  thin-shell, 
cylindrical  liquid  storage  tank  with  height  greater  than 
radius  was  subjected  to  simulated  earthquake  excitation. 
Analytical  investigations  on  out-of-round  shell  deformation 
of  cylindrical  tanks  are  also  presented.  Methods,  model,  and 
facilities  utilized  in  the  experimental  evaluation  of  the  seis- 
mic behavior  of  tall  tanks  are  described.  Principal  results 
of  this  experimental  investigation  are  presented  in  the  form 
of  a critical  evaluation  of  current  seismic  design  practice. 
Development  of  an  analytical  procedure  illustrating  a possible 
correlative  mechanism  between  the  initial  geometric  eccen- 
tricity in  the  cross-section  of  the  tank  model  and  the  out-of- 
round shell  deformation  is  described  in  detail. 


79-1205 

Transient  Response  of  Two  Fluid-Coupled  Cylindrical 
Elastic  Shells  to  an  Incident  Pressure  Pulse 

H.  Huang 

Naval  Research  Lab.,  Washington,  D.C.,  Rept.  No. 
NRL-MR-3821,  AD-E000  232,  40  pp  (Aug  1978) 
AD-A060  71 1/9GA 


Key  Words:  Cylindrical  shells.  Coupled  systems.  Fluid- 
induced  excitation,  Transient  response 

The  transient  response  of  a system  of  two  initially  concen- 
tric circular  cylindrical  alastic  shells  coupled  by  an  ideal 
fluid  and  impinged  by  an  incident  plane  pressure  pulse  is 
studied.  The  classical  techniques  of  separation  of  variable 
and  Laplace  transforms  are  employed  for  simultaneously 
solving  the  wave  equations  governing  the  fluid  motions  and 
the  shell  equations  of  motion.  The  transformed  solutions  are 
arranged  in  such  a manner  that  their  inverse  transforms  can 
be  accurately  cSteulated  by  solving  a tat  of  Volterra  integral 
equations  in  the  time  domain.  A sample  calculation  of 
shell  response  it  performed  end  results  ere  compared  to  the 
cate  In  which  the  outer  shell  is  absent. 


79-1206 

Correlation  Between  Vibration  and  Buckling  of 
Stiffened  Cylindrical  Shelia  Under  External  Preaaure 
and  Combined  Loading 

H.  Abramovich  and  J.  Singer 

Dept,  of  Aeronautical  Engrg.,  Technion- Israel  Inst,  of 
Tech.,  Haifa,  Israel,  Israel  J.  Tech.,  16  (1&2),  pp  34- 
44  ( 1 978)  1 2 figs,  2 tables,  2 1 refs 

Key  Words:  Cylindrical  shells.  Boundary  value  problems. 
Correlation  technique.  Axial  force 

A vibration  correlation  technique  for  definition  of  the 
boundary  conditions  of  stringer-stiffened  shells,  developed 
earlier  for  axial  compression  loading,  is  extended  to  the  cate 
of  external  pressure  and  axial  compression.  The  technique 
consists  of  an  experimental  determination  of  the  natural 
frequencies.  In  vibration  modes  that  resemble  the  buckling 
modes  of  a loaded  shell,  end  assessment  of  the  equivalent 
elastic  restraints  which  represent  the  boundary  conditions 
by  comparison  with  theoretically  predicted  frequencies.  With 
these  assessed  restraints  obtained  from  nondestructive  tests, 
the  buckling  pressures  or  loads  are  calculated.  Four  steel 
shells  and  six  aluminum  shells  are  tested  in  a special  test  rig. 
Experimental  interaction  curves  for  combinations  of  ex- 
ternal pressure  and  axial  compression  are  obtained.  The 
effects  of  repeated  buckling  in  stiffened  shells  are  also 
studied  in  relation  to  interaction  curvet. 


79-1207 

ieolation  of  the  Resonant  Component  in  Acoustic 
Scattering  From  Flu  id -Loaded  Elastic  Spherical  Sheila 

J.D.  Murphy,  J.  George,  A.  Nagl,  and  H.  Uberall 
3709  Merlin  Way,  Annandale,  VA  22003,  J.  Acoust. 


59 


■ 


■ 


SIMMbBI 


Soc.  Amer.,  65  (2),  pp  368-373  (Feb  1979)  7 figs, 
19  refs 

Key  Words:  Spherical  shells.  Submerged  structures.  Fluid- 
filled  containers.  Acoustic  scattering.  Resonant  mponse 

The  process  of  resonance  excitation  of  a spherical,  fluid 
(or  gas)  filled  elastic  shell  imbedded  in  another  fluid,  in  the 
course  of  scattering  of  a plane  incident  sound  wave  from 
the  shell,  using  the  recently  developed  formalism  of  reso- 
nance scattering  theory  is  investigated.  Numerical  studies  are 
performed  for  air-filled  aluminum  shells  immersed  in  mater. 
A physical  explanation  of  the  existence  of  the  shell  reso- 
nances is  presented  in  terms  of  elastic  circumferential  waves 
created  on  the  shell  during  the  scattering  process. 


79-1208 

Axisymmetric  Flexural  Vibrations  of  a Thick  Free 
Circular  Plate 

J.R.  Hutchinson 

Dept,  of  Civil  Engrg.,  Univ.  of  California,  Davis,  CA 
95616,  J.  Appl.  Mech.,  Trans.  ASME.  46  (1),  pp  139- 
144  (Mar  1979)  13  figs,  10  refs 

Key  Words:  Circular  plates.  Plates,  Flexural  vibrations. 
Natural  frequencies.  Mode  shapes.  Transverse  shear  de- 
formation effects.  Rotatory  inertia  effects 

A series  solution  of  the  general  three-dimensional  equations 
of  linear  elasticity  is  used  to  find  accurate  natural  frequencies 
and  mode  shapes  for  the  flexural  vibrations  of  thick  free 
circular  pistes.  The  approximate  solution  for  thick  plates, 
which  includes  shear  and  rotary  inertia  effects,  is  compared 
with  the  accurate  series  solution. 


79-1209 

Vibrations  and  Buddings  of  a Circular  Plate  with 
Various  Constraints  on  Its  Annular  Circle 

K.  Okazaki,  V.  Hirano,  K.  Nagaya,  and  K.  Arakawa 
Faculty  of  Engrg.,  Yamagata  Univ.,  Yonezawa, 
Japan,  Bull.  JSME,  22  (163),  pp  31-40  (Jan  1979) 
8 figs,  1 1 refs 

Key  Words:  Circular  plates,  Eigenvslue  problems,  Flexural 
vibration.  Buckling 

This  paper  deals  with  the  flexursl  vibration  and  the  buckling 
of  a circular  plate  with  various  constraints  on  its  annular 
circle.  The  constrained  conditions  ere  treated  by  means  of 


the  weighted  residual  methods  when  they  are  partially 
diffarent  on  tha  circle.  The  reaction  force  on  the  constrain- 
ed parts  may  be  considered  an  apparent  external  force,  and 
then  the  inhomogeneous  differential  aquation  it  solved. 
Numerical  results  are  given  and  tha  eigenvalue  problems 
are  discussed. 


79-1210 

Membrane  Mode  Sohitiona  for  Impulahrely  Loaded 
Circular  Platee 

P.S.  Symondsand  T.  Wierzbicki 
Div.  of  Engrg.,  Brown  Univ.,  Providence,  Rl  02912, 
J.  Appl.  Mech.,  Trans.  ASME,  46  (1),  pp  58-64  (Mar 
1979)  9 figs,  24  refs 

Key  Words:  Circular  plates.  Mode  approximation  technique 

Large  deflections  of  a clamped  circular  plate  subjected  to 
axially  symmetric  impulsive  loading  are  obtained  by  means 
of  the  mode  approximation  technique.  The  mode  shapes 
and  accelerations  are  determined  by  aquations  assuming 
simple  membrane  action.  Tha  predicted  deflections  and 
response  times  are  compared  with  quantities  measured  in 
recendy  published  experiments  on  plates  of  steel,  titanium, 
and  lead. 


79-1211 

Transient  Interaction  of  a Circular  Plate  and  a Fluid 
Medium 

J.W.  Berglund 

Theoretical  Analysis  Div.,  Civil  Engrg.  Research 
Facility,  The  University  of  New  Mexico,  Albuquer- 
que, NM  87131,  J.  Appl.  Mech.,  Trans.  ASME,  46 
(1),  pp  26-30  (Mar  1979)  5 figs,  15  refs 

Key  Words:  Circular  platas.  Interaction:  structure-fluid. 
Transient  response 

Tha  transiant  dynamic  ratponse  of  an  elastic  circular  plate 
subjected  to  a suddenly  applied  pressure  is  determined  for 
several  edge  boundary  conditions.  Tha  plate  boundary  is 
attached  to  a semi-infinite,  radially  rigid  tube  which  is  filled 
with  an  acoustic  fluid,  and  pressure  is  applied  to  tha  In- 
vacuo  side  of  the  plate.  The  transient  solution  it  determined 
by  using  a technique  in  which  the  plate  is  subjected  to  a 
periodic  pressure  function  constructed  of  appropriately 
signed  and  time-shifted  Heaviside  step  functions,  and  by 
relying  on  a physical  mechanism  which  returns  tha  plate  and 
fluid  near  the  plate  to  an  unconstrained  ttete  of  rest  between 
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SPRINGS 


pulwt.  Th*  plat*  response  is  presented  tor  a number  of 
radiueto-thickness  ratio*  and  adga  boundary  condition*  when 
intaracting  with  water.  Compariiont  are  alio  mad*  with 
aolutiont  obtained  uting  a plana  rvava  approximation  to  tha 
fluid  field. 


79-1212 

Resonant  Excitation  of  a Spinning,  Nutating  Plate 

J.W.  Klahs,  Jr.  and  J.H.  Ginsberg 
Structural  Dynamics  Research  Corp.,  Cincinnati, 
OH,  J.  Appl.  Mech.,  Trans.  ASME.  46  (1),  pp  132- 
138  (Mar  19791  6 figs,  17  refs 

Kay  Word*:  Plata*.  Rotating  Structural 


79-1214 

Plate  Spring  Mechanism  with  Conatant  Negative 
Stiffneaa 

J.  Van  Eijk  and  J.F.  Dijksman 

Univ.  of  Colombo.  Sri  Lanka.  Mech.  Mach.  Theory, 

14  (1),  pp  1-9  (1979)  6 figs,  5 refs 

Kay  Word*:  Spring*.  Stiffn***  coefficient* 

In  thi*  paper  a machaniam  with  negative  *>ring  *ti«inai* 
i*  diacutaad.  th*  action  of  which  i*  baaed  on  the  inatability 
of  tha  second  order  buckling  state  of  a flat  plat*  wiring 
clamped  at  both  end*. 


The  equations  of  motion  governing  the  three-dimensional 
finite-amplitude  retpons*  of  a plate  in  arbitrary  mace  motion 
are  derived.  A general  method  of  solution  for  such  problems 
is  demonstrated  in  an  example  involving  a simply  supported 
rectangular  plat*  spinning  about  an  axis  parallel  to  an  edge 
and  nutating  through  a small  angle.  The  method  involves 
an  asymptotic  expansion  using  tha  derivative  expansion 
version  of  th*  method  of  multiple  time  scales,  in  conjunction 
with  th*  Galerkin  method.  A critical  spin  rata  leading  to  th* 
loss  of  stability  in  divergence  is  determined. 


RINGS 


79-1215 

Optimal  Design  of  Helical  Spring*  for  Minimum 
Weight  by  Geometric  Programming 

G.K.  Agrawal 

Government  Engrg.  College,  Ujjien,  India.  ASME 
Paper  No.  78-WA/DE-1 


Key  Words:  Helical  wrings.  Minimum  weight  design 

Geometric  programming  it  applied  to  solve  * design  optimi- 
sation problem  for  minimum  weight  helical  compression 
spring*.  An  explicit  solution  of  the  optimization  problem  is 
obtained  and  applied  to  a numerical  example.  This  paper 
describes  th*  application  of  geometric  programming,  a 
recent  method  of  optimization  to  th*  problem  of  optimum 
design  of  a helical  compression  spring. 


I 
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79-1213 

Accurate  Nonlinear  Equation*  and  a Perturbation 
Solution  for  the  Free  Vibrations  of  a Circular  Einttic 
Ring 

J.G.  Simmonds 

Dept,  of  Appl.  Mathematics  and  Computer  Science, 
Univ.  of  Virginia,  Charlottesville,  VA  22901,  J.  Appl. 
Mech.,  Trans.  ASME,  46  (1),  pp  156-160  (Mar  1979) 
1 fig,  1 3 refs 

Kay  Words:  Rings,  Free  vibration.  Perturbation  theory 

A tat  of  gamoatrically  nonlinear  aquations  is  derived  for 
th*  plan*  motion  of  an  elastically  homogeneous  circular  ring. 


STRUCTURAL 

(Also  see  No*.  1131,  1M2) 


79-1216 

Structural  Walla  in  Earthquake-Resistant  Building* 
Dynamic  Analysis  of  Isolated  Structural  Walls. 
Input  Motions 

A T.  Derecho,  L.E.  Fugelso,  and  M.  Fintel 
Construction  Tech.  Labs..  Portland  Cement  Assn., 
Skokie,  IL,  Rept.  No.  PCA-R/D-SER-1586,  NSF/RA 
780200,  59  pp  (Dec  1977) 

PB-288  028/4GA 
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Key  Words:  Earthquake  resistant  structures,  Building*.  Walls, 
Seismic  response 

A characterization  of  input  motions  for  us*  in  dynemic 
analysis  is  given  in  terms  of  intensity,  duration  end  fre- 
quency content.  Oifferant  measures  of  intensity  ere  exam- 
ined. Accelerograms  are  classified  with  respect  to  frequency 
content  at  peaking  or  broad  band,  depending  upon  the 
character  of  the  associated  5%-damped  relative  velocity 
response  spectra. 


TIRES 


79-1217 

Basic  Studies  of  Automobile  Tire  Noise 

J.  Pope 

Ph  D.  Thesis,  Stanford  Univ.,  281  pp  (1978) 

UM  7905957 

Key  Words:  Automobile  noise,  Automobile  tires,  Experi- 
mental data.  Noise  measurement 

The  sound  radiated  by  rolling  automobile  tires  it  studied 
in  a specially  constructed  semi-anechoic  acoustic  laboratory. 
Most  work  is  with  steel-belted  radial-ply  tires  having  special 
hand-cut  treads  of  simple  design.  A single  commercial-design 
tire  of  similar  size  and  radial  construction  plus  several  hand- 
cut,  bias-ply  tires  are  also  investigated.  These  tires  are  run 
on  a roadwheel-type  tire  testing  machine  under  realistic 
highway  speed  and  load  conditions.  Sound  level  and  power 
spectrum  measurements  are  made  to  characterize  the  re- 
sulting sound  fields.  Additional  time  and  frequency  domain 
analyses  are  performed  to  gain  insight  into  the  mechanisms 
of  tire  noise  generation.  Superposition  techniques  are  in- 
vestigated as  a rational  approach  to  sound  cancellation  by 
appropriate  phasing  of  tread  features.  Differences  between 
tire  noise  measured  in  the  laboratory  and  that  reported  in 
the  literature  for  observations  adjacent  to  a highway,  i.e., 
the  relationship  of  lab  noise  to  highway  noise,  are  considered 
briefly. 


79-1218 

Theoretical  Model  of  the  Truck  Tire  Vibration  Sound 
Mechanism 

R.F.  Kellie 

Ph.D.  Thesis,  North  Carolina  State  Univ.  at  Raleigh, 
111  pp  (1978) 

UM  7905492 


Key  Words:  Truck  tires,  Sound  propagation.  Mathematical 
models,  Tire  characteristics 

A theoretical  model  it  developed  to  describe  the  sound 
radiation  by  the  surface  vibration  of  in-service  truck  tires 
and  to  investigate  the  effects  of  tire  parameters  on  the  sound 
field.  The  tire  carcass  it  modeled  at  an  infinitely  long  thin 
circular  cylindrical  shell,  incomplete  in  the  meridional 
direction  to  account  for  the  pretence  of  the  rim.  The  effects 
of  damping  and  the  inflation  pressure  are  included  in  the 
model.  The  normal  displacement,  velocity,  and  acceleration 
are  determined  using  Fliigga't  thin  shell  theory  for  an  arbi- 
trary fluctuating  load  acting  on  the  shall  model.  The  material 
properties  of  the  model  are  chosen  to  that  the  phase  veloci- 
ties and  decay  rates  of  the  model  closely  match  those  ob- 
tained through  experiments  with  actual  tires. 


SYSTEMS 


ABSORBER 


79-1219 

Vehicular  Impact  Absorption  System 

A.C.  Knoell  and  A.H.  Wilson 

NASA,  Pasadena  Office,  CA.  5 pp  (Oct  3,  1978) 

Sponsored  by  NASA 

U.S.  PATENT -4  118  014 

Key  Words:  Energy  absorption.  Bumpers,  Automobiles 

An  improved  vehicular  impact  absorption  system  charac- 
terized by  a plurality  of  aligned  crash  cushions  of  substan- 
tially cubic  configuration  is  described.  Each  consists  of  e 
plurality  of  voided  aluminum  beverage  cant  arranged  in 
substantial  parallelism  within  a plurality  of  superimposed 
tiers  and  a covering  envelope  formed  of  metal  hardware 
cloth.  A plurality  of  cables  it  extended  through  the  cushions 
in  substantial  parallelism  with  an  axis  of  alignment  for  the 
cushions  adapted  to  be  anchored  at  each  of  the  opposite 
end  thereof. 


79-1220 

Optimum  Vibration  Absorber*  (or  Linear  Damped 
Systems 

S.E.  Randall,  D.M.  Halsted,  III,  and  D.L.  Taylor 
Sperry  New  Holland,  New  Holland,  PA,  ASME  Paper 
No.  78-WA/DE-22 


Kty  Word*:  Vibration  absorption  (equipment)  Damped 
itructurat.  Graphic  mathodi 

Thia  papar  praaanti  computational  graph!  that  datormina 
tha  optimal  linaar  vibration  abaorbar  tor  linaar  dampad 
primary  ayatama.  Tha  main  ayatam  damping  ratio  and  tha 
maaa  ratio  examined  ovar  tha  ranga  0 to  0.50  and  0.01  to 
0.40,  raapactivaiy,  ara  conaidarad  aa  indapandant  paramatara. 
Tha  ramaining  nondiman tional  paramatara  ara  optimixad 
using  numerical  method*  baaed  on  a minimum  maximum 
amplitude  criteria. 


79  1221 

Lateral  Compreseson  of  Tubea  and  Tube-Systems  with 
Side  Constraints 

T.Y.  Reddy  and  S.R.  Reid 

Engrg.  Dept.,  Univ.  of  Cambridge,  Trumpington  St., 
Cambridge  CB2  1PZ,  UK.  Inti.  J.  Mech.  Sci.,  21  (3), 
pp  187-199  (1979)  7 figs.  15  refs 

Key  Words:  Tubas,  Energy  absorption 

Tha  quasi-static  diametral  compression  of  a tubs  constrain- 
ed so  that  its  horizontal  diameter  cannot  increase  it  con- 
tide  rad  both  theoretically  and  experimentally . Tha  relation- 
ship between  tha  behavior  of  a single  tuba  and  a neat  of  tubas 
is  axaminad  experimentally  and  tha  role  of  doted  system 
in  energy  absorption  is  discussed. 


NOISE  REDUCTION 

(Also  see  No.  1 223) 


79-1222 

Potential  Effectiveness  of  Barriers  Toward  Reducing 
Highway  Noise  Exposure  on  a National  Scale 

K.J.  Plotkin  and  V.K.  Kohli 

Wyle  Labs.,  Wyle  Research,  Arlington,  VA,  Rept. 
No.  WR-78-9,  EPA/550/9-78/309,  26  pp  (July  1978) 
PB-288  109/2GA 

Kay  Words:  Noise  barriers.  Highway  transportation 

Calculations  are  performed  to  attest  the  potential  effective- 
neat  of  barriers  toward  reducing  noise  exposure  from  the 
federal-aid  highway  system.  Noise  exposure,  in  terms  of 
the  numbers  of  people  exposed  to  Ldn  greater  than  60,  65, 
70,  and  75  dB,  from  the  primary  federal  aid  system  it  com- 
puted for  present  traffic  flow  and  projected  traffic  through 
the  year  2000.  Reductions  in  noise  exposure  are  computed 


for  several  scenarios  of  constructing  barriers  along  urban 
interstate  highways. 


79-1223 

Attenuate  Noiae  from  Gas  Tuihines  and  Diesel  En- 
gines 

R.F.  Werkmeister 

American  Air  Filter  Co..  Power  ^23  (3),  pp  80-82 
(Mar  1979)  5 figs,  1 table 

Key  Words:  Gat  turbines.  Diesel  engines.  Noise  reduction 

Three  noise  sources  which  mutt  be  considered  in  the  design 
of  a noisa  control  system  for  gat  turbines  are  evaluated.  They 
ara:  inlet,  casing,  and  axhautt  noise.  A table  shows  the  cal- 
culations! procedure  required  for  the  selection  of  an  exhaust 
silencer.  Similar  calculations  ara  made  for  the  filter,  plenum 
walls,  inlet  silencer,  enclosure  walls,  exhaust  stack,  and 
ventilation  system. 


79-1224 

Initial  Results  of  a Porous  Plug  Nozsle  for  Supersonic 
Jet  Noise  Suppression 

L.  Maestrello 

NASA  Langley  Research  Ctr„  Hampton,  VA,  Rept. 
No.  NASA-TM-78802, 21  pp  (Nov  1978) 

N 79- 13820 

Key  Words:  Jet  noise.  Nozzles,  Noise  reduction 

Some  tests  are  made  on  a porous  plug  type  noise  suppressor. 
Some  initial  results  on  the  aero  acoustic  performance  of  a 
model  porous  plug  type  jet  noise  suppressor  ere  presented. 
Included  are  shadowgraph  pictures  of  the  flow  exhausting 
from  the  porous  plug  nozzle  with  the  comparable  acoustic 
far-field  spectra  and  cross  correlations  which  illustrate  the 
benefits  of  the  test  device. 


ACTIVE  ISOLATION 


79-1225 

Are  Active  Suspensions  Really  Necessary  T 

D.C.  Karnopp 

Univ.  of  California,  Davis,  CA,  ASME  Paper  No. 
78-WA/DE-12 
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Key  Words:  Su sponsion  systems  (vehicles).  Active  isola- 

tion 

Optimum  vibration  isolation  systems  or  vehicle  suspension 
characteristics  are  derived  using  the  methods  of  optimal 
control  theory.  Some  basic  configurations  are  examined. 


AIRCRAFT 

(Also  see  No.  1156) 


Tape  recordings  are  made  of  acoustical  and  electrical  noise 
in  the  crew  compartments  and  on  the  interphone  lines  of 
7 models  of  U.S.  Army  aircraft,  during  flight  operations.  The 
data  is  analyzed  to  determine  noise  and  speech  levels  in  the 
communication  channel,  especially  at  crew  members'  ears. 
Calculations  are  performed  to  estimate  hearing  damage  risk 
and  estimate  the  intelligibility  of  speech.  The  purpose  of  the 
project  it  to  identify  harmful  noise  levels  and  sources  in  the 
communication  channel  and  to  make  recommendations  for 
reducing  such  noise. 


L 


79-1226 

Vibration  and  Flutter  Investigations  of  Aircraft  with 
Special  Nonlinear  Structural  Properties  (Schwingungs- 
und  Flatteranalyse  von  Fhigzeugen  mit  besonderen 
nichtlinearen  Struktureigenschaften) 

O.  Sensburg  and  B.  Schoen 

Messerschmitt-Bolkow-Blohm  GmbH,  Postfach  8011- 
60,  8000  Miinchen  80,  Germany,  Z.  Flugwiss,_2J6), 
pp  395-404  ( 1 978)  1 8 figs,  1 1 refs 

Key  Words:  Aircraft,  Wing  stores.  Flutter,  Mathematical 
models 

This  paper  describes  an  analytical  procedure  to  treat  the 
influence  of  nonlinear  structural  properties  - especially  in 
the  support  mechanism  of  heavy  wing  stores  - on  the  vibra- 
tion and  flutter  behavior  of  modern  combat  aircraft.  To  gat 
an  approximation  of  the  different  vibration  behavior  of 
nonlinear  structures,  parameter  variations  using  linearized 
limit  values  for  the  nonlinear  elements  are  used  to  perform 
vibration  and  flutter  calculations  using  conventional  cal- 
culation methods.  A more  accurate  analysis  method  is 
developed  in  conjunction  with  a test  model  using  a simplified 
mathematical  model  with  nonlinear  properties  by  applying 
the  treatment  of  harmonic  linearization. 


79-1227 

Analysis  of  Noise  in  U.S.  Army  Aircraft 

A.J.  Brounsand  R.A.  Ely 

Vought  Corp.  Advanced  Tech.  Center,  Inc.,  Dallas, 
TX,  Rept.  No.  ATC-94100/8CR-41 , USAAVRAD- 
COM-TR-76-1746-F,  240  pp  (Nov  1978) 

AD-A061  351 /3GA 

Key  Words:  Aircraft  noise.  Noise  measurement.  Noise 
reduction 


79-1228 

Technology  Status  of  Jet  Noise  Suppression  Concepts 
for  Advanced  Supersonic  Transports 

W.T.  Rowe,  E.S.  Johnson,  and  R.A.  McKinnon 
McDonnell  Douglas  Corp.,  Long  Beach,  CA,  J.  Air- 
craft, 16  (2),  pp  95-101  (Feb  1979)  21  figs,  2 tables, 
9 refs 

Key  Words:  Aircraft  noise.  Supersonic  aircraft.  Noise  reduc- 
tion 

In  conducting  technology  studies  for  advanced  supersonic 
tranurorts,  Douglas  Aircraft  Company  of  the  McDonnell 
Douglas  Corporation  has  found  that  the  constraints  of  com- 
munity noise  dictate  the  engine  cycle  selection  and  nozzle 
design,  and  significantly  affect  the  overall  airplane  configura- 
tion design.  The  definition  of  engine  cycles,  provisions  for 
jet  exhaust  noise  suppression,  levels  of  suppression  achiev- 
able, and  the  impact  of  each  possible  combination  on  overall 
airplane  performance  and  technical  risk  are  examined. 
This  paper  presents  one  aircraft  manufacturer's  views  on  the 
technology  status  of  three  of  the  most  promising  exhaust 
nozzle  designs  meeting  the  noise  constraints:  tha  coannular, 
the  coannular  with  plug,  and  the  retractable  mechenical 
suppressor.  Each  type  is  defined  along  with  predicted  opera- 
tional characteristics.  Theoretical  and  actual  test  perfor- 
mance, for  both  thrust  loss  and  noise  suppression,  are  sum- 
marized. Each  of  these  three  nozzles  is  combined  with  an 
appropriate  engine,  and  it  sized  and  integrated  into  a bate- 
line  Mach  2.2  supersonic  transport  to  evaluate  range  per- 
formance. The  current  status  of  performance  for  the  various 
suppression  concepts  is  summarized. 


79-1229 

A Theoretical  Investigation  of  Noise  Reduction 
Through  the  Cylindrical  Fuselage  of  a Twin-Engine, 
Propeller-Driven  Aircraft 

R.B.  Bhat  and  J.S.  Mixson 

NASA  Langley  Research  Ctr.,  Hampton,  VA,  Rept. 
No.  NASA-TP-1325;  L-12225,  47  pp  (Dec  1978) 
N79- 13821 
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Kay  Word*:  Aircraft  none.  Not*  generation,  Noi*  reduc- 
tion, Cylindrical  shells,  Mathematical  modalt 

Intarior  not*  in  tha  fuselage  of  a twin-angina,  propeller- 
driven  aircraft  with  two  propeller*  rotating  in  opposite  direc- 
tion! i<  ttudied  analytically.  The  fuwlage  ii  modeled  * a 
itiffened  cylindrical  (hall  with  limply  eupported  endi,  and 
the  affect!  of  ttringen  and  frame*  are  averaged  over  the  thell 
lurface.  An  approximate  mathematical  model  of  the  pro- 
peller noi*  excitation  ii  formulated  which  include*  torn*  of 
tha  propeller  noi*  characterittics  tuch  ai  sweeping  pressure 
wave*  around  the  sidewalls  due  to  propeller  rotation  and  the 
localized  nature  of  tha  excitation  with  tha  highest  levels  near 
tha  propeller  plane.  Results  are  presented  in  the  form  of 
noi*  reduction.  Tha  influence  of  propeller  noi*  charac- 
teristics on  the  noi*  reduction  is  studied. 


BRIDGES 


79-1230 

Seianic  Response  of  Long  Curved  Bridge  Structures: 
Experimental  Model  Studies 

D.  Williams  and  W.  Godden 

URS/John  A.  Blume  & Assoc.,  Engineers,  San  Fran- 
cisco, CA,  Inti.  J.  Earthquake  Engr.  Struc.  Dynam., 
7 12).  pp  107-128  (1979)  17  figs,  8 refs 
Sponsored  by  the  U S.  Dept,  of  Transportation 

Kay  Words:  Bridges,  Seismic  r*u>onw.  Model  testing 

This  paper  prawnts  the  results  of  a shaking  table  study  con- 
ducted on  the  seismic  behavior  of  curved  reinforced  concrete 
bridge  structures  of  the  type  used  in  highway  int* (Changes. 
A wries  of  raprewntational  1/30th  scale  models  is  construct- 
ed in  microconcrete  to  study  the  effects  of  both  linear  and 
non-linear  dynamic  behavior,  the  non-linearity  including 
sliding  and  impacting  at  tha  expansion  Joints  and  ductility 
in  the  columns.  Each  model  is  subjected  to  a series  of  in- 
creasingly saver*  simulated  earthquakes  in  tha  longitudinal 
and  transverse  directions,  both  with  and  without  the  vertical 
component.  Raspon*  data  are  recorded  in  the  form  of 
wlected  displacement  time-histories.  The  paper  concludes 
with  general  obMtvations  on  the  wismic  behavior  of  long- 
man  long-period  curved  bridges,  and  emphasizes  tha  wnti- 
thrity  of  this  behavior  to  the  location  and  design  of  the  joints. 


79-1231 

Theoretical  and  Experimental  Dynamic  Behaviour  of 
a Curved  Model  Bridge  Structure 


K.  K awash  ima  and  J.  Penzien 

Public  Works  Research  Inst.,  Ministry  of  Construc- 
tion, Japan,  Inti.  J.  Earthquake  Engr  Struc.  Dynam., 
2<2).pp  129-145(1979)  15ftgs,  10  refs 

Kay  Words:  Brldgas.  Seismic  responw.  Model  testing 

Corrections  between  tneiyticel  end  experimental  wismic 
responns  of  a curved  model  bridge  structure,  which  was 
constructed  to  have  the  tame  features  as  a typical  full-scale 
high  curved  highway  bridge  structure,  are  prawn  ted.  Dy- 
namic behavior  and  wismic  raspon*  of  ths  experiments! 
bridge  model  are  examined  with  particular  emphasis  on  tha 
discontinuous  behavior  of  expansion  joints.  Modeling  of 
Coulomb  type  friction  with  slippages  and  impacting  at  tha 
expansion  joints  it  described.  Correlations  of  dimlacement 
raspon*  of  tha  bridge  modal  carried  out  for  three  wismic 
excitations  are  prawntad.  Parameter  studies  conducted  to 
assist  in  tha  interpretation  of  correlation  results  are  prewnted 
and  tha  characteristics  of  tha  dynamic  behavior  of  tha  bridge 
modal  are  discussed. 


BUILDING 

(Also  see  Nos.  1113,  1126,  1141) 


79-1232 

Methodology  for  Mitigation  of  Seimsk  Hazard*  in 
Existing  Unreinforced  Masonry  Building*.  Phase  1 

S.B.  Barnes,  A.W.  Johnson,  and  C.W.  Pinkham 
Barnes  (S  B.)  and  Assoc.,  Los  Angeles,  CA,  Rept. 
No.  NSF/RA-780132,  69  pp  (Mar  31 . 1978) 

PB-287  478/2GA 

Kay  Words:  Buildings,  Masonry,  Earthquake  resistant 
structures.  Seismic  response 

Unreinforced  masonry  buildings  are  ttudied  in  order  to 
determine  appropriate  methods  to  deal  with  hazard  mitiga- 
tion and  to  study  methods  of  retrofit  to  that  design  methods 
can  be  established.  Thaw  design  methods  are  daviwd  with 
consideration  of  the  particular  structural  conditions  of 
unrainforcad  masonry  construction,  their  earthquake  re- 
sponse, the  nitmicity  of  the  particular  location,  and  tha 
economics  of  retrofit.  Phase  t studies  the  state-of-tha-art 
of  hazard  mitigation  and  retrofit.  An  outline  of  tha  design 
methodology  it  established  and  each  item  In  tha  method- 
ology it  discussed.  A nt  of  suggested  criteria  are  propowd. 
Finally,  a summary  of  thaw  further  study  items  it  included 
so  that  the  work  to  b*  performed  in  Phaw  2 can  b*  identi- 
fied. 


79-1233 

Earthquake-Resistant  Reinforced  Concrete  Budding 
Construction.  Volume  1.  Organisation  and  Final 
Recommendations 

V.V.  Bertero  and  S.A.  Mahin 

Univ.  Extension,  California  Univ.,  Berkeley,  CA, 
Rept.  No.  NSF/RA-780303,  121  pp  (June  1978) 
PB-288  995/4GA 

Ksy  Words:  Buildings,  Reinforced  concrete.  Seismic  design. 
Earthquake  resistant  structures 

This  workshop  provides  a means  for  the  exchange  of  infor- 
mation related  to  the  state-of-the-art  and  state-of-the-practice 
in  the  design  and  construction  of  seismic-resistant  reinforced 
concrete  buildings,  to  evaluate  current  progress,  and  to 
establish  research  needs  and  priorities  for  future  work. 
Specific  objectives  are  to:  evaluate  current  knowledge  and 
practice  in  the  planning,  design,  and  construction  of  earth- 
quake-resistant reinforced  concrete  buildings;  review  the 
objectives  and  scope  of  existing  research  programs  and  die 
cuss  their  findings  to  provide  feedback  to  researchers;  exam- 
ine needs  and  priorities  for  immediate,  as  well  as  long- 
range,  research  required  to  remove  gaps  in  current  knowledge 
and  to  improve  current  practice;  and  improve  communica- 
tion and  cooperation  (at  both  the  national  and  international 
levels)  between  research  and  professional  organizations,  as 
well  as  between  different  research  groups.  In  Volume  1,  the 
final  recommendations  of  the  workshop  form  the  main 
portion  of  the  text.  Four  appendicet  follow,  containing  the 
program,  the  list  of  participants,  the  list  of  working  groups, 
and  a research  directory. 


79-1234 

Earth  quake- Resistant  Reinforced  Concrete  Building 
Construction.  Volume  II.  Technical  Papers 

V.V.  Bertero  and  S.A.  Mahin 

Univ.  Extension,  California  Univ.,  Berkeley,  CA, 
Rept.  No.  NSF/RA-780304,  1004  pp  (June  1978) 
PB-288  996/2GA 

Key  Words:  Buildings,  Reinforced  concrete,  Seismic  design. 
Earthquake  resistant  structures 

This  workshop  provides  a means  for  the  exchange  of  infor- 
mation related  to  the  state-of-the-art  and  state-of-the-practice 
in  the  design  and  construction  of  seismic-resistant  reinforced 
concrete  buildings,  to  evaluate  current  progress,  and  to 
establish  research  needs  and  priorities  for  future  work. 
Volumes  2 and  3 comprise  the  technical  reports  and  papers 
that  were  presented.  Topic  areas  in  Volume  2 include:  an 
overview  of  the  state-of-the-practice  in  earthquake-resistant 
reinforced  concrete  building  construction;  user  needs;  me- 


chanical characteristics  and  performance  of  reinforced  and 
prestressed  concrete  materials  under  seismic  conditions; 
reinforced  and  prestressad  concrete  structural  systems;  end 
methods  of  structural  analysis. 


79-1235 

Earthquake-Resistant  Reinforced  Concrete  Building 
Construction.  Volume  JU.  Technical  Papers 

V.V.  Bertero  and  S.A.  Mahin 

Univ.  Extension,  California  Univ.,  Berkeley,  CA, 
Rept.  No.  NSF/RA- 780305,  923  pp  (July  1978) 
PB-288  997 /OGA 

Key  Words:  Buildings,  Reinforced  concrete,  SeiOTic  de- 
sign, Earthquake  resistant  structures 

This  workshop  provides  a means  for  the  exchange  of  infor- 
mation related  to  the  state-of-the-art  and  state-of-the-practice 
in  the  design  and  construction  of  seismic-resistant  reinforced 
concrete  buildings,  to  evaluate  current  progress,  and  to 
establish  research  needs  and  priorities  for  future  work. 
Volumes  2 and  3 comprise  the  technical  reports  and  p apart 
that  were  presented.  Topic  areas  in  Volume  3 include: 
design  methods  and  experimental  and  analytical  investiga- 
tions related  to  the  earthquake-resistant  reinforced  concrete 
building  construction  of  moment-resisting  frames;  design 
methods  and  experimental  and  analytical  investigations 
related  to  the  earthquake-resistant  reinforced  concrete  build- 
ing construction  of  frame-wall  structures;  foundations  and 
retaining  structures;  experimental  investigations  of  real 
buildings,  models  of  complete  buildings,  and  large  sub- 
assemblages of  buildings;  and  design  methods  and  experi- 
mental and  analytical  investigations  related  to  the  earth- 
quake-resistant reinforced  concrete  building  construction  of 
prestressed  and  prefabricated  structures. 


79-1236 

Material  and  Dimensional  Properties  of  an  Eleven- 
Story  Reinforced  Concrete  Building 

R.A.  Gardiner  and  D.S.  Hatcher 
Dept,  of  Civil  Engrg.,  Washington  Univ.,  St.  Louis, 
MO,  Rept.  No.  RR-52,  NSF/RA-780316,  107  pp 
(Aug  1978) 

PB-288  891 /5G A 

Key  Words:  Buildings,  Reinforced  concrete.  Earthquake- 
resistant  structures.  Experimental  data 

Full-scale  destructive  testing  of  an  eleven-story  reinforced 
concrete  structure  is  conducted.  Objectives  are  to  investigate 
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«f)«  in-situ  structural  dimansions  and  matarial  properties, 
to  datarmina  tha  dynamic  characteristics  of  tha  structure  by 
small  amplitude  shaking  tails,  and  to  observe  tha  structural 
damage  and  tha  degradation  of  the  dynamic  characteristics 
due  to  large  amplitude  shaking  tests.  This  investigation  con- 
cerns only  the  study  of  tha  in-situ  structural  dimensions  and 
matarial  properties.  Tha  methods  used  in  tha  determination 
of  the  strength  of  the  materials  in  the  structure  and  the 
results  obuined  are  reported.  Included  are  both  the  yield 
and  ultimate  strength  of  the  reinforcing  steel  and  the  com- 
pressive strength  of  the  concrete.  An  enumeration  is  provided 
of  the  variations  of  the  structural  dimensions  from  their 
A>ecified  values  end  the  manner  in  which  these  variations 
were  determined.  The  effect  of  all  the  above  variations  on 
the  flexural  strength  of  representative  sections  of  members 
in  the  structure  is  shown. 


79-1237 

Envelopes  of  Maximum  Seismic  Response  for  a Par- 
tially Symmetric  Single  Storey  Building  Model 

K.M.  Dempsey  and  H.M.  Irvine 
Univ.  of  Auckland,  Auckland,  New  Zealand,  Inti.  J. 
Earthquake  Engr.  Struc.  Dynam.,_7  (2),  pp  161-180 
(1979)  15  figs,  21  refs 

Key  Words:  Buildings,  Seismic  remonse.  Coupled  response. 
Lateral  response.  Torsional  response 

An  analysis  is  made  of  the  coupled  lateral-torsional  response 
of  a partially  symmetric  single-story  building  model  to  hori- 
zontal translator  earthquake  excitation.  The  response  of 
the  model  is  assumed  to  be  linearly  elastic  and  viscously 
damped.  In  a preliminary  analysis  the  equations  of  motion 
are  solved  using  the  modal  analysis  technique  and  the  condi- 
tions necessary  for  full  modal  coupling  are  ascertained. 
Dimensionless  forms  of  the  equivalent  static  actions  are 
evaluated  as  functions  of  two  independent  parameters.  The 
final  results  are  furnished  by  modified  square  root  of  the  sum 
of  the  squares  (SRSS)  combination  functions  which  take 
account  of  the  spacing  between  the  translational  and  torsion- 
al frequencies. 


79-1238 

Stochastic  Seianic  Response  Analysis  of  Hysteretic 
Multi- Degree-of-Freedom  Structures 

Y . Wen 

Univ.  of  Illinois,  Urbane,  IL,  Inti.  J.  Earthquake  Engr. 
Struc.  Dynam.,  _7  (2),  pp  181-191  (1979)  6 figs, 
13  refs 


Key  Words:  Multistory  buildings,  Multi-degree-of-freedom 
systems.  Seismic  response.  Stochastic  processes.  Statistical 
analysis 

The  purpose  of  this  paper  is  to  present  a practical  analytical- 
empirical  method  for  a multi-degree-of-freedom  (MDF) 
yielding  system.  The  method  is  baasd  on  a substitute  struc- 
ture (SS)  concept  in  which  the  SS  parameters  are  determined 
from  empirical  results  of  single-degree -of-freedom  systems, 
la.,  each  element  in  the  system  is  replaced  by  a linear  coun- 
terpart with  ductility-dependent  stiffness  and  damping.  Based 
on  a linear  random  vibration  response  analysis,  the  statistics 
of  the  maximum  response  (ductility)  of  each  element  are 
obtained  by  iteration.  Numerical  examples  are  given  for 
multi-story  buildings  with  deteriorating  (reinforced  concrete 
frame)  or  non-deteriorating  (steel  frame)  restoring  forces. 


79-1239 

The  Transfer  Function  of  Quarry  Blast  Noise  and 
Vibration  into  Typical  Residential  Structures 

G.W.  Kamperman  and  M.A.  Nicholson 
Kamperman  Associates,  Inc.,  Downers  Grove,  IL, 
Rept.  No.  E PA/550/9-77/35 i,  150  pp  (Feb  1977) 
PB-288  892/3GA 

Key  Words:  Buildings,  Blast  effects.  Mines  (excevetionsl. 
Vibration  excitation.  Noise  generation 

An  experimental  program  is  conducted  to  determine  the 
transfer  function  of  quarry  blast  noise  end  vibration  into 
typical  structures.  Four  distinct  noise  end  vibration  signals 
are  produced  inside  nearby  dwellings. 


FOUNDATIONS  AND  EARTH 


79-1240 

An  Investigation  of  the  Dynamic  Characteristics  of 
an  Earth  Dam 

A.M.  Abdel-Ghaffar  and  R.F.  Scott 
Earthquake  Engrg.  Research  Lab.,  California  Inst,  of 
Tech.,  Pasadena,  CA,  Rept.  No.  EERL-78-02,  200  pp 
(Aug  1978) 

PB-288  878/2GA 


An  investigation  is  made  to  analyze  observations  of  the  effect 
of  two  earthquakes  on  Santa  Felicia  Dam,  a rolled-fill  em- 


Key  Words:  Dams,  Earthquake  response 
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bankment  located  In  Southam  California.  Tha  dam  li  236.5 
ft  high  and  1 .276  ft  long  by  30  ft  wtde  at  tha  crest.  Tha 
purpoaa  of  tha  Invaatlgatlon  It  to  ttudy  tha  nonllnaar  ba- 
hawlor  of  tha  dam  during  tha  two  earthquakes;  to  provida 
data  on  tha  In-plana  dynamic  ihaar  moduli  and  damping 
factor*  for  tha  matarialt  of  tha  dam  during  raal  earthquake 
conditioni.  and  to  compara  thaw  propartia*  with  tho« 
previously  available  from  laboratory  Investigations. 


HELICOPTERS 

(Also  see  No.  1282) 


79-1241 

A Laboratory  Study  of  the  Subjective  Re^ronae  to 
Helicopter  Blade-Slap  Noiae 

K P Shepherd 

Biunetics  Corp.,  Hampton.  VA,  Rept.  No.  NASA- 
CR  158973.21  pp  (Dec  1978) 

N79-13819 

Kay  Words:  Hallcoptar  noise.  Human  raqionae 

Tha  tail  tumuli  recorded  consist  of  16  sounds,  each  present- 
od  at  4 peak  noise  levels.  Two  hallcoptar*  and  a fixed-wing 
aircraft  arc  used. 


79-1242 

A Static  Acouatic  Signature  System  for  the  Analysis 
of  Dynamic  Flight  Information 

D.J.  Ramer 

Army  Armament  Res.  and  Dev.  Command,  Aber- 
deen Proving  Ground,  MD,  In:  NASA  Langley  Res. 
Ctr.,  Helicopter  Acoustics,  Pts.  2,  pp  535-544  (Aug 
1978) 

N 79- 10852 

Kay  Words:  Helicopters,  Acoustic  signatures 

Tha  Army  family  of  helicopters  is  analytad  to  measure  tha 
polar  octave  band  acoustic  signature  In  various  modes  of 
flight.  A static  array  of  calibrated  microphones  is  used  to 
simultaneously  acquire  tha  signature  and  differential  times 
required  to  mathematically  position  tha  aircraft  In  space. 
Tha  signature  Is  reconstructed,  mathematically  normalised 
to  a fixed  radius  around  tha  aircraft. 


79-1243 

Annoyance  Due  to  Simulated  Blade-Slap  Noiae 

C.A.  Powell 

NASA  Langley  Research  Ctr.,  Hampton,  VA,  In 
NASA  Langley  Res  Ctr..  Helicopter  Acoustics,  Pt.  2, 
pp  463-477  (Aug  1978) 

N 79- 10847 

Kay  Words:  Hallcoptar  noise.  Rotary  wings.  Noise  genera- 
tion 

Tha  affects  of  several  characteristics  of  blade  slap  noise  on 
annoyance  response  are  studied.  These  characteristics  or 
parameter*  are  the  sound  pressure  level  of  the  continuous 
noiss  used  to  simulate  hallcoptar  broadband  note*,  tha 
ratio  of  Impulse  peak  to  broadband  noise  or  crest  factor,  tha 
number  of  pressure  excursions  comprising  an  impulse  event, 
tha  rise  and  fall  time  of  tha  Individual  impulses,  end  tha 
repetition  frequency  of  tha  Impulses.  Analyses  are  conducted 
to  determine  tha  correlation  between  subjective  response  and 
various  physical  measures  for  tha  range  of  parameters  stud- 
ied. 


79-1244 

Annoyance  of  Helicopter  ImpuWve  Noiae 

F.  Dambra  and  A.  Damongoot 
Societe  Nationale  Industrielle  Aerospatiale,  Paris, 
France,  In  NASA  Langley  Res.  Ctr.,  Helicopter 
Acoustics.  Pt.  2,  pp  439-462  (Aug  1978) 

N79  1 0846 

Kay  Words:  Helicopter  noise.  Human  response 

Psychoacoustfc  studies  of  hallcoptar  impulsive  noise  are 
conducted  In  order  to  qualify  additional  annoyance  due  to 
this  feature  and  to  develop  physical  Impulsiveness  descriptors 
to  develop  Inpulshrlty  correction  methods.  Tha  currently 
proposed  descriptors  and  methods  of  Impulsiveness  correc- 
tion arc  compared  using  a multilinear  regression  analysis 
tachniqua.  Tha  equipment  necessary  for  data  processing  In 
order  to  apply  tha  correction  method  1s  discussed. 


79-1245 

Helicopter  Internal  Noiae  Control:  Three  Caac  His- 
tories 

B.D.  Edwards  and  C.R.  Cox 

Textron  Bell  Helicopter,  Ft.  Worth,  TX,  In:  NASA 
Langley  Res.  Ctr.,  Helicopter  Acoustics.  Pt.  2,  pp 
639-656  (Aug  1978) 

N 79  10858 
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Kay  Word*:  Helicopter  nolee.  Noise  reduction.  Engine 
mount!.  Viscous  damping 

Cat a histories  are  described  In  which  measurable  Improve- 
ments In  the  cabin  noise  environments  of  the  Ball  214B, 
206B,  and  222  are  realised.  These  case  histories  trace  the 
noise  control  efforts  followed  in  each  vehicle.  Among  the 
design  approaches  considered,  the  addition  of  e fluid  pulsa- 
tion damper  in  a hydraulic  system  and  the  installation  of 
elastomeric  engine  mounts  are  highlighted. 


79-1246 

Helicopter  Internal  Noiae  Reduction  Research  and 
Development  Application  to  the  SA  360  s.u  SA  365 
Dauphin 

H.J.  Marie  and  F.  Danibra 

Societe  Nationale  Industriello  Aerospatiale,  Paris, 
France,  In:  NASA  Langley  Res  Ctr.,  Helicopter 
Acoustics.  Pt  2.  pp  695  722  (Aug  1978) 

N79-10861 

Key  Words:  Helicopter  noise.  Noise  reduction,  Gear  boxes 

Noise  sources  Inside  helicopter  cabins  are  considered  with 
emphasis  on  the  mechanisms  of  vibration  generation  inside 
the  mein  gear  box  and  mechanisms  of  transmission  between 
source  end  cabin.  The  dynamic  behavior  of  the  mein  gear 
box  components  is  examined  in  relation  to  the  transfer  of 
vibration  energy  to  the  structure.  Soundproofing  treatments 
installed  and  optimised  include:  an  acoustic  screen  using  the 
weight  effect  to  isolate  the  passenger  from  the  noise  source: 
a damping  treatment  to  limit  the  conversion  of  the  vibratory 
energy  into  acoustic  energy;  and  an  absorbing  treatment 
achieved  either  through  Helmholtz  resonators  or  through  a 
glass  wool  blanket  to  limit  the  propagation  of  acoustic  waves 
end  the  wave  reflection  effects  in  the  cabin. 


79-1247 

A Practical  Approach  to  Helicopter  Internal  Noiae 
Prediction 

L.S.  Levine  and  J.J.  DeFelice 

Sikorsky  Aircraft,  Stratford,  CT,  In:  NASA  Langley 
Res.  Ctr.,  Helicopter  Acoustics,  Pt.  2,  pp  595-638 
(Aug  1978) 

N 79  10857 

Key  Words:  Helicopter  noise,  Noise  prediction 

A practical  and  well  correlated  procedure  for  predicting 
helicopter  Internal  noise  1s  presented.  It  accounts  for  the 


propagation  of  noise  along  multiple  paths  on  an  octave  by 
octave  basis.  The  method  Is  applicable  to  conventional 
helicopters  as  well  as  other  aircraft  types,  when  the  ap 
proprlate  structural  geometiy,  noiae  source  strengths,  and 
material  acoustic  properties  ere  defined.  A guide  is  provided 
for  the  prediction  ot  various  helicopter  noise  sources  over 
a wide  range  of  horsepower  tor  use  when  measured  data 
are  not  available.  The  method  it  applied  to  the  prediction 
of  the  interior  levels  ot  the  Civil  Helicopter  Mete  arch  Air- 
craft (CHRA),  both  with  and  without  soumftirooting  in- 
stalled. 


79-1248 

Helicopter  (-shin  Noiae:  Methods  of  Source  and  Path 
Identification  and  (Iharacteruation 

B.S.  Murray  and  J.F  Wilby 

Bolt  Beranek  and  Newman,  Inc.,  Cambridge.  MA,  In 
NASA  Langley  Hes  Ctr.,  Helicopter  Acoustics,  Ft  2, 
pp  583  594  (Aug  1978) 

N 79  10856 

Key  Words.  Helicopter  noise,  Noise  source  identification 

Internal  noise  sources  In  a helicopter  are  considered  These 
include  propulsion  machinery,  comprising  engine  and  trans- 
mission, end  turbulent  boundary  layer  effects. 


79-1249 

The  Cost  of  Applying  Current  Helicopter  External 
Noiae  Reduction  Methods  While  Maintaining  Realistic 
Vehicle  Performance 

M.A.  Bowes 

Kaman  Aerospace  Corp.,  Bloomfield,  CT,  In  NASA 
Langley  Res.  Ctr.,  Helicopter  Acoustics.  Pt.  2,  pp 
563-582  (Aug  1978) 

N 79  10855 

Key  Words:  Helicopter  noise,  Noise  reduction 

Analytical  methods  ere  developed  end/or  adopted  for  cal- 
culating helicopter  component  noise,  end  these  methods  are 
incorporated  Into  a unified  total  vehicle  noise  calculation 
model.  Analytical  methods  are  also  developed  tor  calcu- 
lating the  effects  of  noise  reduction  methodology  on  heli- 
copter design,  performance,  and  cost.  These  methods  are 
used  to  calculate  changes  in  noise,  design,  performance,  and 
cost  due  to  the  incorporation  of  engine  and  main  rotor  noise 
reduction  methods. 
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79-1250 

Design  of  Helicopter  Rotor*  to  Noise  Constraints 

E,G.  Schaeffer  and  H.  Sternfeld,  Jr. 

Boeing  Vertol  Co.,  Philadelphia,  PA.  In  NASA 
Langley  Res.  Ctr.,  Helicopter  Acoustics,  Pt.  2,  pp 
551-561  (Aug  1978) 

N 79- 10854 

Kay  Wordi:  Helicopter  rotors,  None  reduction 

Result*  of  the  initial  phase  of  a research  project  to  study  the 
design  constraints  on  helicopter  noiee  are  presented.  These 
include  the  calculation  of  nonimpufsive  rotor  harmonic  and 
broadband  hover  noise  spectra,  over  a wide  range  of  rotor 
design  variables  and  the  sensitivity  of  perceived  noise  level 
(PNL)  to  changes  in  rotor  design  parameters. 


79-1251 

Gust  Response  and  Its  Alleviation  for  a Hingeleaa 
Helicopter  Rotor  in  Cruising  Flight 

M.  Yasue 

Aeroelastic  and  Structures  Res.  Lab.,  Massachusetts 
Inst,  of  Tech.,  Cambridge,  MA,  Rept.  No.  ASRL- 
TR-189  1,  182  pp  (Sept  1978) 

AD-A061  134/3GA 

Key  Words:  Helicopter  rotors.  Rotary  wings.  Wind-induced 
excitation 

The  vertical  gust  response  and  its  alleviation  for  hingeless 
helicopter  rotor  blades  in  cruising  flight  is  studied  theore- 
tically and  experimentally.  An  evaluation  it  performed  of 
the  effectiveness  of  torsional  stiffness  variation  in  conjunc- 
tion with  chordwise  center-of-gravity  shift  in  alleviating  the 
blade  flapping  response  to  decrease  the  root  bending  mo- 
ment. The  theoretics!  analysis  utilises  the  equations  of  mo- 
tion of  hingeleta  rotor  blades  exposed  to  vertical  gusts  in 
forward  flight  for  the  flapping,  lagging,  and  elastic  and  rigid 
pitch  degrees  of  freedom.  The  equations  include  the  effect 
of  steady-state  deflections  in  the  trim  conditions  and  various 
hingeless  rotor  configurations  such  as  precone,  droop  and 
torque  offset  es  well  as  chordwise  center-of-gravity  shift  and 
aerodynamic  center  offset.  The  experimental  program  in- 
volves the  wind  tunnel  tests  of  a five-foot  diameter  rotor 
subject  to  a sinusoidal  waveform  gust.  Testing  involves 
variation  of  the  blade  chordwise  center-of-gravity  location, 
the  blade  torsional  stiffness,  rotor  advance  ratio,  and  ver- 
tical gust  frequency. 


HUMAN 

(Also  see  No.  1244) 


79-1252 

An  Automobile  Noiae  Annoyance  Problem 

J.C.  Johnson 

Applied  Res.  Lab.,  The  Pennsylvania  State  Univ., 
P.O.  Box  30,  State  College,  PA  16801,  Noise  Control 
Engr.,  12  (1),  pp  26-30  (Jan-Feb  1979)  3 figs.  7 refs 

Key  Words:  Motor  vehicle  noise.  Noise  tolerance.  Human 

response 

Criteria  for  acceptance  or  rejection  of  production  units  are 
established  to  correct  the  problem  of  noise  originating  in 
the  power  drive  train.  Causes  and  remedies  for  the  unwanted 
noise  are  covered.  A working  example  of  an  approach  and 
solution  to  a noise  annoyance  problem,  rether  than  the 
development  of  subjective  rating  schemes  and  analytical 
techniques,  is  provided. 


79-1253 

Development*  in  Ride  Quality  Criteria 

D.G.  Stephens 

NASA  Langley  Research  Ctr.,  Hampton,  VA  23665, 
Noise  Control  Engr.,  12  (1),  pp  6-14  (Jan-Feb  1979) 
15  figs,  1 table,  21  refs 

Key  Words:  Ground  vehicles.  Ride  dynamics.  Human  re- 
sponse, Transportation  systems 

The  vibration  and  noise  environment  of  air  and  surface  ve- 
hicles, at  wall  at  the  passenger's  subjective  response  to  such 
environmental  stimuli,  are  determined  from  laboratory  and 
field  studies.  Ongoing  research  aimed  at  the  development  of 
models  for  evaluating  or  specifying  the  ride  of  existing 
and/or  future  trangaortatlon  systems  it  discussed.  In  addi- 
tion, ride  quality  critaria/standards  for  vibration,  noise,  and 
combinations  of  these  stimuli  are  presented. 


79-1254 

Low  Frequency  and  Infraaonic  Noiae  in  Tnnqtoita- 
tion 

N.  Broner 

Dept,  of  Physics.  Chelsea  College,  Univ.  of  London, 
London  SW6  5PR,  UK,  Appl.  Acoust.,  1_1  (2),  pp 
(Apr  1978) 


Kay  Wordr  Traffic  nolaa.  Intraionic  fraquanciat,  Human 

raiponta 

Thil  papar  daicrlbai  the  results  of  an  axparimantal  program 
in  which  intraionic  lavalt  ara  aitabliihad  intkfa  aircraft, 
ihipi,  train!,  and  road  vahiclai. 


79-1255 

A Model  for  Predicting  Human  Diacurnfort  Reqtunae 
to  Combined  Noiae  and  Vertical  Vibration 

J.D,  Leatherwood 

Ph.D.  Thesis,  North  Carolina  State  Univ.  at  Raleigh, 
207  pp  (1978) 

UM  7905508 

Kay  Wordi:  Noise  tolaranca.  Vibration  tolaranca.  Human 
niponw 

An  axparimantal  itudy  ii  conductad  to  datarmina  tha  affacti 
of  combinad  anvironmantal  noiie  and  vibration  upon  human 
•objective  diacomfort  rttponte  and  to  determine  correction 
factori  to  a NASA  ride  comfort  model  that  allow!  predic- 
tion of  passenger  discomfort  response  to  the  combinad  en- 
vironment. Tha  levels  and  frequency  rangii  of  tha  noiie  and 
vibration  stimuli  uied  In  this  study  ara  Mlected  such  that 
they  approximated  thole  encountered  in  various  air  and 
ground  transportation  systems.  The  factori  consiit  of  vibra- 
tion frequency,  vibration  discomfort  level,  octave-band  fre- 
quency. and  noise  level  in  dBIAI  units.  The  stimuli  ara 
applied  to  tha  subjects  through  the  use  of  a realistic  ride 
comfort  simulator  (called  the  Passenger  Ride  Quality  Appara- 
tus) located  at  the  Langley  Research  Canter.  Subjective 
discomfort  ratings  are  obtained  by  use  of  a magnitude  es- 
timation procedure  and  are  analyzed  and  interpreted  by 
computation  of  an  analysis  of  variance  and  selected  post- 
hoc  tests. 


ISOLATION 

(Also  see  No.  1225) 


79-1256 

Insertion  Loss  for  Resilient  Machine  Mounting*  a* 
Applied  to  Punch  Power  Presses 

C.  Bramberger  and  L.  Ryden 

Institutet  for  Verkstadsteknisk  Forskning  (The 
Swedish  Institute  of  Production  Engrg.  Res.),  Moln- 
dalsvagen  85,  S-412  85,  Goteborg,  Sweden,  Noise 
Control  Engr.,  12  (1),  pp  15-19  (Jan-Feb  1979)  7 figs 


Kay  Words:  Machine  foundations.  Presses,  Industrial  facili- 
ties, Noisa  reduction 

A study  to  datarmina  tha  efficiency  of  resilient  machine 
mountings  is  summarized  Tha  study  is  restricted  to  punch 
power  presses  with  a capacity  of  up  to  2000  kN. 


MECHANICAL 

(Also  SIM  No.  1 181) 


79-1257 

On  the  Dynamic  Simulation  of  Large  Nonlinear 
Mechanical  Systems 

R.J.  Cipra 

Ph  D.  Thesis,  The  Univ.  o<  Wisconsin  Madison.  120 
pp  ( 1978) 

UM  7823054 

Kay  Words:  Dynamic  response,  Mechanical  systems.  Non 
linear  systems.  Simulation 

An  analytical  technique  is  presented  for  determining  the 
dynamic  response  of  large  complex  nonlinear  systems.  The 
simulation  technique  is  aimed  at  large  problems  for  which 
a portion  is  nonlinear  and  which  are  responding  to  inputs 
in  such  a manner  that  a linear  model  is  not  adequate.  The 
types  of  problems  covered  are  those  which  require  large 
amounts  of  numerical  data  for  their  model  description,  or 
for  which  it  may  be  difficult  to  analytically  derive  tha  con- 
trolling aquations  of  motion.  A method  of  tima  integration 
for  nonlinear  differential  aquations  is  presented  based  upon 
the  repetitive  analytical  (modal)  solution  of  a sat  of  equa- 
tions linearized  about  tha  current  operating  position.  The 
method  incorporates  a variable  tima  step  suited  to  the  de- 
gree of  nonlinearity  and  as  shown  in  an  example  problem, 
gives  comparable  agreement  in  results  with  a Runge-Kutta 
numerical  technique. 


OFF  ROAD  VEHICLES 


79-1258 

Influence  of  the  Constructive  Parameter*  of  a Truck 
on  the  Wheel  Load  Difference*  in  Off-Road  Service 
(Einflui*  der  konstruktiven  Parameter  cine*  Last- 
kraftwagen*  auf  die  Radlastdifferenzen  im  Gelandr) 

H.  Loop  and  K.  Schubert 
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Neve  Welt  16,  7917  Vohringen,  Germany,  Auto- 
mobiltech.  Z.,  8J  (2),  pp  49-53  (Feb  1979)  7 figs, 
1 table,  6 refs 
(In  German) 

Key  Word*.  Trucks,  Off-highway  vehicles 

Wheel  load  differences  during  a diagonal  twitting  of  a two- 
axle  truck  art  derived  by  meant  of  a mathematical  modal. 
The  calculations  are  performed  on  a digital  computer  and 
are  used  to  determine  the  wheel  traction  available  during 
off-road  service  without  a locked  differential.  They  alto 
serve  to  attest  the  ttrasaet  on  the  chattit  frame,  wrings,  and 
control  arms  at  a function  of  various  vehicle  design  parame- 
ters. Special  attention  it  given  to  the  influence  which  tor- 
sional stiffness  of  frame,  roll  and  tire  spring  rate  at  axles, 
static  axle  load  distribution,  and  wheel  track  have  on  the 
load  differences  between  the  individual  wheels  when  the 
vehicle  is  being  twisted  diagonally. 


PUMPS,  TURBINES,  FANS, 
COMPRESSORS 

(Also  see  No.  1 156) 


79-1259 

Bask  Research  in  Fan  Source  Noise:  Inlet  Distortion 
and  Turbulence  Noise 

R.A.  Kantola  and  R.E.  Warren 
Corporate  Res.  and  Dev.,  General  Electric  Co., 
Schenectady,  NY,  Rept.  No.  NASA-CR-1 59451, 
161  pp  (Dec  1978) 

N79-14875 

Key  Words:  Fans,  Noise  source  identification 

A widely  recognized  problem  in  Jet  engine  fan  noise  is  the 
discrepancy  between  inflight  and  static  tests.  This  discrepan- 
cy consists  of  blade  passing  frequency  tones,  caused  by 
ingested  turbulence  that  appear  in  the  static  tests  but  not 
in  flight  To  reduce  the  ingested  distortions  and  turbulence 
in  an  anechoic  chamber,  a reverse  cone  inlet  is  used  to  guide 
the  air  into  the  fan.  This  inlet  also  has  provisions  for  bound- 
ary layer  suction  and  is  used  in  conjunction  with  a turbulence 
control  structure  (TCS)  to  condition  the  eir  impinging  on 
the  fan.  The  program  1s  successful  in  reducing  the  ingested 
turbulence,  to  the  point  where  reductions  in  the  acoustic 
power  at  blade  passing  frequency  are  as  high  as  18  db  for 
subsonic  tip  speeds. 


79-1260 

Suggested  Improvements  in  the  Measurement  of 
Pump  Vibration  for  In-Service  Inspection 

M.C.  Plummer 

Transitek,  Inc.,  Santa  Clara,  CA,  ASMfc  Paper  No. 
78-WA/NE-5 

Key  Words:  Pumps,  Nucleer  power  plants.  Vibration  mea- 
surement 

In  this  paper  it  is  recommended  thet  the  vibration  measure- 
ments used  for  the  in-service  Infection  of  pumps  in  nucleer 
power  plents  be  changed.  The  changes  include  replacing 
vibration  displacement  measurements  by  meeeurements  of 
vibretion  velocity  as  a more  sensitive  indicator  of  machinery 
condition.  It  1s  recommended  that  absolute  limits  for  vibra- 
tion velocity  be  established  for  the  acceptance  of  new  pumps 
In  nuclear  power  plant  applications.  The  recommended 
changes  ere  Justified  by  relating  the  vibration  velocity  to 
alternating  stress  and  fatigue  of  the  pump  meterlals. 


79-1261 

Analyria  of  Supenonic  Stall  Bending  Flutter  in  Axial 
Flow  Compressor  by  Actuator  Did  Theory 

J.J.  Adamc/yk 

NASA  Lewis  Research  Ctr.,  Cleveland,  OH,  Rept.  No. 
NASA-TP-1245;  E-9186,  58  pp  (Nov  1978) 

N79- 13003 

Key  Words:  Compressors,  Blades,  Rotors,  Flutter 

An  snalyticai  model  is  developed  for  predicting  the  onset 
of  supersonic  stall  bending  flutter  In  axial-flow  compressors. 
The  enelysis  is  based  on  two -dimension  el.  compressible, 
unsteady  actuator  disk  theory.  It  is  applied  to  a rotor  blade 
row  by  considering  a cascade  of  airfoils.  The  affects  of 
shock  waves  and  flow  separation  are  included  in  the  model. 
Calculations  show  that  the  model  predicts  the  onset,  in  an 
unshrouded  rotor,  of  a bending  flutter  mode  that  exhibits 
many  of  the  characteristics  of  supersonic  stall  bending  flut- 
ter. The  validity  of  the  analysis  for  predicting  this  flutter 
mode  it  demonstrated. 


RAIL 


79-1262 

Lateral  Stability  of  Freight  Cara  with  Axles  Having 
Different  Wheel  Profiles  and  Asymmetric  Loading 

J.M.  Tuten,  E.H.  Law,  and  N.K.  Cooperrider 
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Dept,  of  Mech.  Engrg.,  Clemson  Univ.,  Clemson,  SC, 
J.  Engr.  Indus.,  Trans.  ASME,  1£1  (1),  pp  1-16 
(Feb  1979)  16  figs,  2 tables,  20  refs 

Key  Words:  Lateral  ramonte,  Railroad  cars.  Freight  cars 

Models  capable  of  having  different  wheel  profiles  on  the  same 
axle  as  well  as  on  different  axles  are  developed  to  investigate 
the  stability  behavior.  These  models  ere  formulated  so  that 
the  effects  on  stability  of  asymmetric  fore  and  aft  loading 
conditions,  as  manifested  through  gravitational  stiffness 
effects  and  creep  coefficients,  ere  examined. 


The  Transportation  Systems  Center  is  conducting  technical 
analyses  of  passenger  railcar  collisions,  derailments,  and  other 
accidents,  directed  towards  minimising  occupant  injuries. 
The  document,  the  first  of  four  volumes,  reports  on  the 
collection  of  data  for  a representative  accident  sample,  the 
analysis  of  the  data  to  identify  injury  types,  locations,  and 
when  possible,  injury  casual  factors.  Vehicle  interior  design 
details  are  also  considered  In  conjunction  with  the  accident 
data  to  compile  a list  of  potential  improvements  in  occupant 
protection. 


79-1263 

Selected  Topics  in  Railroad  Tank  Car  Safety  Re- 
search. Volume  11.  Test  Plan  for  Accelerated  Life 
Testing  of  Thermally  Shielded  Tank  Cara 

M.R.  Johnson  and  O.J.  Viergutz 
I IT  Research  Inst.,  Chicago,  IL,  Rept.  No.  FRA/ 
ORD-78/32-1 1,  DOT-TSC-FRA-78-1 2-1 1 , 72  pp 
(Aug  1978) 

PB-289  254/5GA 


79-1265 

Rail  Safety/Equipment  Crashworthiness.  Volume  II. 
Design  Guide 

M.J.  Reilly,  J.  Shefrin.and  L.M.  Patrick 
Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 
DOT fX SC/F R A-77- 1 5-2,  99  pp  (July  19781 
PB-289  148/9GA 

Key  Words:  Railroad  cars,  Collision  research  (railroad). 
Crashworthiness 


Key  Words:  Railroad  cars.  Tank  cars.  Impact  tests 

A test  plen  for  the  eccelerated  life  testing  of  thermally 
shielded  tank  cars  is  described.  The  test  program  is  con- 
ducted at  the  DOT  Transportation  Test  Center  in  Pueblo, 
Colorado.  Eighteen  tank  cart  are  included  in  the  program. 
Five  cart  are  equipped  with  a jacketed  thermal  shield,  and 
13  cars  are  equipped  with  a spray-on  chemical  insulation 
coating.  Most  cart  are  equipped  with  head  shield  end-of-car 
protection  systems.  The  goal  of  the  tests  it  to  simulate  the 
effects  of  10  years  of  normal  service  operations.  This  in- 
volves subjecting  the  cart  to  a large  number  of  coupling 
impacts  as  well  as  running  the  cars  for  a mileage  representa- 
tive of  the  10  year  period. 


79-1264 

Rail  Safety /Equipment  Crashworthiness.  Volume  1. 
A Systems  Analysis  of  Injury  Minimization  in  Rail 
Systesns 

M.J.  Reilly,  R.H.  Jines,  and  A.E.  Tanner 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 

DOT/TSC/FRA-77-15-1, 265  pp  (July  1978) 

PB-289  147/IGA 

Key  Words:  Railroad  cart.  Collision  research  (railroad). 
Crashworthiness 


The  second  of  four  volumes  has  been  prepared  to  etsitt 
design  engineers  in  understanding  the  basic  problems  as- 
societed  with  the  development  of  crashworthy  interiors  of 
locomotives,  cabooses  and  passenger  railcars.  Rail  vehicle 
accident  conditions  are  presented  with  the  resulting  inter- 
sctions  that  can  occur  between  one  car  and  another.  Types 
of  injuries  to  the  occupants  of  the  cars,  and  the  mechanism 
causing  the  injury,  are  discussed. 


79-1266 


Rail  Safety /Equipment  Crash  worthiness.  Volume  III. 
Proposed  Engineering  Standards 


M.J.  Reilly 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 
DOT/TSC/F  RA-77-1 5-3,  70  pp  (July  1978) 

PB-289  149/7GA 


Key  Words:  Railroad  cars.  Collision  research  (railroad). 
Crashworthiness,  Standards  and  codes 

The  document,  the  third  of  four  volumes,  contains  recom- 
mended Engineering  Standards  prepared  in  the  format  of  the 
standards  published  in  the  Code  of  Federal  Regulations 
(Title  49,  Transportation,  Parts  200).  The  standards  pro- 
posed provide  improved  occupant  protection  In  the  second- 
ary impact  situation  associated  with  railroad  accidents. 
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79-1267 

Rail  Safety /Equipment  Crashworthiness.  Vohiroe  IV. 
Executive  Suminary 

M.J.  Reilly 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 
DOT/TSC/FRA-77-15-4,  75  pp  (July  1978) 

PB-289  150/5GA 

Kay  Words:  Railroad  cart.  Collision  rataarch  (railroad). 
Crash  worthiness 

Tha  document,  tha  fourth  of  four  volumas,  summarizes 
the  activities  and  documentation  conducted  under  this  con- 
tract. Tha  analysis  of  tha  accident  data  highlighted  areas 
where  improvements  could  be  made  to  improve  tha  occupant 
protection  of  passenger  rail  vehicles  Design  criteria  are 
determined  and  soma  suitable  design  changes  proposed.  For 
tha  proposed  areas  of  change,  typical  Federal  Standards 
documentation  are  prepared. 


79-1268 

Dynamic  Experiments  of  Alternative  Guideway- 
Vehicle  Systems,  Part  1 

J.F.  Wilson 

Dept,  of  Civil  Engrg.,  Duke  University,  Durham,  NC, 
Rept.  No.  DOT/RSPA/DPB/50-77/1 1 , 110  pp  (June 
1978) 

PB-288  244/7GA 

Kay  Words:  Rapid  transit  railways.  Interaction:  vahicla- 
gu ide way , Experimental  data 

This  is  an  experimental  investigation  of  vehicle-elevated 
guide  way  mponse  dynamics.  Descriptions  are  given  of  the 
laboratory  system  components,  which  are:  tha  spans  (single, 
multiple  and  cable-stayed);  the  vehicles  (tandem  point  loads 
and  an  Automated  Guideway  Transit  (AGT)  vehicle  modal); 
tha  vehicles'  linear  induction  motor  propulsion  systems;  and 
tha  span  vehicle  data  retrieval  system.  Data  are  presented  for 
a variety  of  vehicle-guideway  configurations.  The  last  study 
summarizes  currant  analyses  on  horizontal  guideways  of 
constant  radius  of  curvature,  and  tha  response  of  such 
guideways  to  transit  loads. 


Lucas  Industries  Noise  Centre,  Noise  Control  Vib. 
Isolation,  9 (9),  pp  385-386  (Nov/Dec  1978)  3 figs 

Kay  Words:  Diesel  anginas.  Noise  reduction 

Four  basic  approaches  to  controlling  noise  radiated  by 
vehicle  engine  surfaces  ere  given  and  the  relative  importance 
of  combustion  noise  and  mechanical  noise  generators  is 
discussed.  A method  of  diagnosing  the  contribution  to  the 
overall  noise  of  the  engine  from  each  surface  area  it  alto 
covered. 


79-1270 

Reducing  Noiee  Radiated  by  Dieael  Engines  • Part  2 

M.F.  Russell 

Lucas  Industries  Noise  Centre,  Noise  Control  Vib. 
Isolation,  10  (1),  pp  5-7  (Jan  1979)  7 figs,  3 refs 

Key  Words:  Diesel  engines.  Noise  reduction 

Methods  for  controlling  road  vehicle  noise  radiated  by  engine 
surfaces  at  they  vibrate  in  response  to  the  vibratory  forces 
developed  within  engines  ere  discussed.  Treatments  for 
crankcase  and  cylinder  block  as  well  as  valve  gear  covert  are 
given. 


79-1271 

Diesel  Vehicle  Noise  Control 

Auto  Engr.,  4(1),  pp  23-27  (Feb/Mar  1979)  12  figs, 
1 table,  6 refs 

Key  Words:  Noise  reduction,  Diesel  engines 

An  account  of  the  TRRL  Quiet  Heavy  Vehicle  project  it 
followed  by  details  of  recent  developments  in  diesel  engine 
noise  control  at  the  Institute  of  Sound  and  Vibration  Re- 
search, Southampton  University,  and  of  noise  research  on 
production  engines  et  Perkins. 


RECIPROCATING  MACHINE 

(Also  see  Nos.  1150,  1223) 


ROAD 

(Also  see  Nos.  1169,  1217,  1252) 


79-1269 

Reducing  Noise  Radiated  by  Diesel  Engines 

M.F.  Russell 


79-1272 

Vehicle  Integration  and  Evaluation  of  Advanced  Re- 
straint Systems.  Volume  1:  Phase  A 

R.W.  Carr  and  G.M.  Aboud 
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Dynamic  Science.  Inc.,  Phoenix,  AZ,  Rept.  No. 
8300-77-146.  DOT-HS-802  829,  363  pp  (Oct  1977) 
PB-288  930/IGA 


Key  Words:  Collision  rsstsrch  (automotive),  Safety  re- 
straint systems.  Crashworthiness,  Seat  belts.  Air  bags  (safety 
restraint  systems).  Impact  tests 


The  report  presents  the  results  of  nine  full-scale  crash  tests 
conducted  to  evaluate  the  performance  of  four  advanced 
restraint  systems:  RSV  Driver  Airbag,  RSV  Passenger  Airbag, 
Force  Limited  Airbelt,  end  the  Force  Limited  2-inch  Belt, 
when  structurally  integrated  into  a production  vehicle.  The 
vehicle  chosen  by  NHTSA  for  this  it  the  Volvo  244.  The 
tests  consist  of  car-to-car  and  cer-to-barrier  impacts  which 
are  conducted  to  help  determine  the  performance  limits  of 
the  four  advanced  restraint  systems  in  terms  of  meeting  the 
FMVSS  208  crashworthiness  criteria. 


79-1273 

Vehicle  Integration  and  Evaluation  of  Advanced 
Restraint  Systems.  Volume  II:  Phase  B 

R.W.  Carr  and  G.M.  Aboud 

Dynamic  Science,  Inc.,  Phoenix,  AZ,  Rept.  No. 
8300-77-147,  DOT-HS-802  830,  224  pp  (Oct  1977) 
PB-288  931  /9GA 


Key  Words:  Collision  research  (automotive).  Safety  re- 
straint systems.  Crashworthiness,  Impact  tests 


A aeries  of  eighteen  full-scale  crash  tests  are  conducted  to 
evaluate  the  performance  of  four  advanced  restraint  systems 
that  are  structurally  integrated  into  the  Volvo  244.  These 
tests  are  split  into  two  phases;  Phase  A consists  of  car-to- 
car  and  car-to-barricr  impact  tests  using  only  Volvo  244's 
as  test  vehicles  while  the  Phase  B impact  test  configurations 
ate  car-to-car  using  Volvo  244’s  with  Ford  Torinos  serving 
as  bullet  vehicles.  This  report  presents  the  test  results  from 
Phase  B of  the  test  series. 


79-1274 

Vehicle  Integration  and  Evaluation  of  Advanced 
Restraint  Systems.  Volume  III:  Phase  C 

R.W.  Carr  and  G.M.  Aboud 

Dynamic  Science,  Inc.,  Phoenix,  AZ,  Rept.  No. 
8300-77-184,  DOT-HS-803  594,  215  pp  (Dec  1977) 
PB-288  932/7GA 


Kay  Words:  Collision  research  (automotive).  Safety  re- 
straint systems.  Impact  tests.  Anthropomorphic  dummies 


The  objective  of  the  program  it  to  evaluate  the  performance 
of  restraint  systems  In  terms  of  meeting  the  FMVSS  208 
Injury  criteria.  In  this  pheee  of  the  tests.  Ford  Torinos  are 
tested  using  Instrumented  dummies  restrained  by  both 
standard  end  modified  belt  systems.  The  report  presents  the 
results  of  the  tests. 


79-1275 

Front  Paaeenger  Aqtirator  Air  Bag  System  for  Small 
Cars.  Phase  11  Evaluation 

D.J.  Romeo 

Calspan  Corp.,  Buffalo,  NY,  Rept.  No.  CALSPAN- 
ZP-5777-V-2,  DOT-HS-803  612,  160  pp  (Mar  1978) 
PB-288  873/3GA 


Key  Words:  Collision  research  (automotive).  Air  bags  (safety 
restraint  systems) 


Development  and  evaluation  of  an  aspirator  air  bag  has  been 
completed  at  Calspan  Corporation.  The  espi-ator  air  bag 
it  developed  through  computer  simulations  and  sled  tests. 
Phase  I,  and  it  evaluated  through  additional  tied  tests  and  in 
a 41 .6  mph  crash  of  a standard  Volvo  into  a flat  barrier.  This 
report  reviews  the  Phase  I development  of  the  aspirator  sys- 
tem and  presents  results  of  the  Phase  II  sled  tests  and  the  car 
crash. 


79-1276 

Steering  Wheel  Oscillations  and  Vertical  Movement  in 
30  mph  Barrier  Impacts 

A.  Hill 

Office  of  Passenger  Vehicle  Res.,  National  Highway 
Traffic  Safety  Admin.,  Washington,  D.C.,  Rept.  No. 
DOT/HS-803  606,  130  pp  (Sept  1978) 

PB-288  455/9GA 


Key  Words:  Collision  research  (automotive),  Steering  gears. 
Impact  tests.  Guardrails 


Data  relating  to  the  column  behavior  of  41  vehicles  - 1975 
through  1977  year  models  • when  subjected  to  a 30  mph 
barrier  impact  ere  obtained  from  the  FMVSS  No.  204  com- 
pliance test  reports.  Test  films  end  associated  data  are  ana- 
lyzed to  identify  typicel  response  patterns  of  steering  as- 
semblies. (Portions  of  this  document  are  not  fully  legible). 


79-1277 

Commercial  Vehicle*  and  Road  Surface  Streas  (Nut* 
fahreeuge  und  Fshrhahn  beany  ruchimg) 

F.  Gauss 

Linzer  Strasse  1,  3000  Hannover,  Germany,  Auto- 
mobiltech.  Z.,  81  (2),  pp  43-47  (Feb  1979)  10  figs, 
7 refs 


Kay  Word*:  To  wad  lyttamt,  Hydrodynamic  excitation 


The  objective  of  this  work  I*  to  develop  a senerel  model  of 
a marine  towad  lyttam  and  to  verify  it*  accuracy  by  com- 
panion with  full-acala  towad  lyttam  measurement*.  Thli 
modal  comp  rim  a rap  mentation  of  both  the  towad  body 
and  towlins.  Fully  inttrumantad  trials  of  a full-scale  towed 
system  provided  data  for  correlation  with  the  modal. 


Kay  Words:  Commercial  tran*>ortation.  Ground  vehiclai. 
Interaction:  whaal-pavamant 


The  dynamic  road  surface  stresses  given  by  wheal  load,  type 
of  tire*,  and  vibration  characteristics  of  the  vehicles  are 
determined.  With  the  aid  of  an  exponential  law,  a compari- 
son figure  is  calculated  according  to  tha  up-to-date  exper- 
iences and  with  vehicle-dependant  factors. 


79-1280 

Reliability  Aseeaunent  of  Offrhore  Platforms  in 
Seismic  Regions 

J.N.  Yang  and  A.M.  Freudenthal 
School  of  Engrg.  and  Appl.  Science,  George  Washing- 
ton Univ.,  Washington,  D.C.,  Rept.  No.  NSF/RA- 
770660, 118  pp  (Aug  1977) 

PB-288  572/IGA 


ROTORS 

ISae  Nos.  1111,  1116,  1118,  1261,  1284) 


Kay  Words:  Off-shore  structures.  Seismic  response.  Water 
waves.  Stochastic  processes 


Tha  purpose  of  this  study  is  to  present  a method  of  reliabil- 
ity analysis  and  design  for  tha  offshore  platforms  under 
stochastic  dynamic  loads  during  their  design  service  life.  Tha 
present  approach  combines  tha  analyses  of  nonlinear  random 
vibration  and  tha  first  passage  probability.  Tha  reliability 
design  is  examined  to  establish  tha  conditions  under  which 
the  design  for  one  loading  condition,  such  at  storm  waves 
is  sufficient,  as  welt  at  tha  conditions  under  which  both  tha 
storm  waves  and  tha  earthquakes  are  given  equal  emphasis. 
Tha  applied  loads  due  to  storm  waves  and  earthquakes  are 
modeled  at  stationary  Gaussian  random  processes  with  zero 
mean  and  finite  duration. 


79-1278 

Noiae  Control  in  Ships 

A.J.  Jones  and  G.  Berry 

Acoustical  Investigation  and  Res.  Organization,  Ltd., 
Noise  Control  Vib.  Isolation,  _9  (9),  pp  371-375 
(Nov/Dec  1978)  4 figs,  1 table,  9 refs 


Kay  Words:  Ships,  Noise  control 


79-1281 

Seismic  Analysis  of  Off  Aore  Structure  Supported 
on  Pile  Foundation 

O.D.-N.  Liou 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  104  pp 
(1978) 

UM  7904524 


Noise  rating  criteria  and  the  control  of  machinery  noise  on 
board  is  discussed. 


79-1279 

Hydrodynamic  Analyst  of  a High-Speed  Marine 
Towed  System 

O.E.  Calkins 

Systems  Exploration,  Inc.,  San  Diego,  CA,  J.  Hydro- 
nautics,  13  (1),  pp  10-19  (Jan  1979)  12  figs,  4 tables, 
12  refs 


Kay  Words:  Off-shore  structures,  Pila  foundations.  Seismic 
mponse.  Mathematical  modal*.  Interaction:  structure- 
foundation 


This  report  presents  an  analytical  study  of  tha  seismic  re- 
sponse characteristics  of  an  offshore  structure  supported  on 
pile  foundations.  A simple  mathematical  modal  of  pila 


foundation  band  on  tha  three-dimensional  theory  of  elat- 
ticity  it  davalopad.  Tha  earthquake  turfaca  ground  motion 
it  prescribed  in  tha  tima  domain,  tha  solution  of  tha  systam 
is  carriad  out  in  tha  frequency  domain,  and  tha  dasirad  ra- 
iponst  quantitiat  ara  transformad  back  to  tha  tima  domain. 
Foundation-structura  interaction  affacts  ara  examined  by 
comparing  response  quantities  obtained  for  models  with 
and  without  foundation  flexibility. 


TRANSMISSIONS 

(Also  see  No.  1246) 


79-1282 

An  Analytical  Method  for  Designing  Low  Noise 
Helicopter  Trananisaiona 

R.B.  Bossier,  Jr.,  M.A.  Bowes,  and  A.C.  Royal 
Kaman  Aerospace  Corp.,  Bloomfield,  CT,  in:  NASA 
Langley  Res.  Ctr.,  Helicopter  Acoustics,  Pt.  2,  pp 
657-677  (Aug  1978) 

N79- 10859 

Keywords:  Helicopter  noise.  Transmission  gears 

The  development  and  experimental  validation  of  a method 
for  analytically  modeling  tha  noise  mechanism  in  tha  heli- 
copter geared  power  transmission  systems  is  described.  This 
method  can  be  used  within  the  design  process  to  predict 
interior  noise  levels  and  to  investigate  the  noise  reducing 
potential  of  alternative  transmission  design  details.  Examples 
are  discussed. 


79-1283 

Ti  ssanisaos  Design  with  Finite  Element  Analyns: 
Part  4 

R.W.  Howells 

Power  Train  Tech.  Group,  Boeing  Vertol  Co.,  Phila- 
delphia, PA,  Power  Transm.  Des.,  21  (3),  pp  42-45 
(Mar  1979)  25  figs,  8 refs 

Key  Words:  Power  transmission  systems,  Finite  element 
technique.  Computer  programs.  Optimization 

A computer  modal  of  the  CH-47  helicopter  forward  rotor 
transmission  is  developed  and  it  used  to  optimize  trans- 
mission design.  The  current  effort  is  concentrated  in  two 
areas  - to  minimize  overall  vibration  and  noise  levels  and  to 
optimize  the  housing  structural  design. 


USEFUL  APPLICATION 


79-1284 

Acoustic  Driving  of  Rotor 

H.  Kanber,  I.  Rudnick.and  T.G.  Wang 
NASA,  Pasadena  Office,  CA,  Rept.  No.  NASA- 
Case-NPO- 14405-1;  US-Patent-Appl-SN-812447,  9 pp 
(July  1977) 

N78-22859 

Key  Words:  Rotors,  Propulsion  systems,  Acoustic  tech- 
niques 

The  object  of  the  invention  is  to  provide  a system  for  util- 
izing sound  to  rotate  a tu*>snded  object,  with  large  and  con- 
trolled torque.  An  enclosure  of  square  cross-section  is  utilized 
together  with  transducers  at  walls  which  ere  at  right  angles 
to  each  other. 


79-1285 

Vibration  Responsive  Switch 

J.H.  Watson 

Dept,  of  the  Navy,  Washington,  D.C.,  Rept.  No. 
AD-D004  736/5,  PAT-APPL-326  649,  6 pp  (Mar  8, 
1977) 

PATENT-4  011  418 

Kay  Words:  Switches 

The  vibration  responsive  switch  is  comprised  of  a mass,  a 
pair  of  support  structures  located  on  opposite  sides  of  the 
mass,  a taut  wire  attached  to  both  of  the  support  structures 
and  to  the  mass,  a switch  armature  mounted  on  the  matt, 
and  a fixed  contact  located  in  physical  proximity  to  the 
armature. 


79-1286 

Vibratory  Compaction  of  Aaphalt  Concrete 

R.J.  Nittlinger 

Engrg.  Res.  and  Dev.  Bureau,  New  York  State  Dept, 
of  Transportation,  Albany,  NY,  Rept.  No.  RR-64, 
FHWA/NY-78/RR/64,  41  pp  (Aug  1978) 

PB-288  744/6GA 


K«V  Wordt:  Concrete!,  Pevementt.  Compacting.  Vibratory 
techniquet 

Vibratory  rollon,  whan  operated  properly,  are  found  to  be 
effective  in  compacting  aqrhalt  concrete.  Alto,  rather  than 
•ccept  or  reject  rollen  individually,  operating  criteria  are 
developed  to  determine  the  ability  of  any  roller  to  compact 
a given  lift  thicknen. 


79-1287 

Dynamic  Analyas  of  a Roller  Coaster 

J.N.  Crisp 


Univ.  of  Dayton,  Dayton,  OH,  ASME  Paper  No 
78-OE-W-5 


Key  Wordt:  Roller  coattar.  Safety  davicat 

The  pretent  paper  it  concerned  with  the  engineering  dy- 
namic analytit  of  telactad  tafety  davicat  and  the  car  coupler! 
on  a roller  coatter.  A practical  engineering  mproach  it  in- 
corporated in  the  aneiytit  with  regard  to  the  many  phytical 
boundary  condition!  required  to  develop  a retiittic  model. 
The  dynamic  loading  on  tha  car  couplers  and  an  anti-roll- 
back dog  are  determined  for  teveral  different  gradet  of  track 
for  the  condition  that  tha  coatter,  (five  cart)  on  failure  to 
top  a particular  grade,  rollt  back  a given  dittance  and  itrikat 
an  anti-roll-back  device. 
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Oil-Highway  Meeting  and  Exposition  (SAE] 
MECCA.  Milwaukee,  Wl  (SAE  Meeting  Dept., 
400  Commonwealth  Dr..  Warrendale,  PA  16096) 

11-14 

INTER-NOISE  79,  [INCE]  Warsaw,  Poland 
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